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Abstract 

Background: Menopause that occurs before the age of 45 and is not medically induced (referred to here as ‘early 
natural menopause’) affects around one in 10 women and has serious health consequences. These consequences 
include increased risk of all-cause mortality, cardiovascular disease, osteoporosis, and type 2 diabetes.

Methods: We investigate risk factors for the onset of natural menopause before the age of 45 in two population-
based prospective cohort studies in Britain: the 1958 cohort following 8959 women and the 1970 cohort following 
8655 women. These studies follow women from birth to adulthood, and we use harmonized data on birth and early 
life characteristics, reproductive health, health behaviour, and socioeconomic characteristics for 6805 women who 
were pre-menopausal, peri-menopausal or had undergone natural menopause. Of these 6805 women, 3614 partici-
pated in the 1958 cohort (of which 368 had early menopause) and 3191 participated in the 1970 cohort (of which 206 
had early menopause). Taking a life course approach, we focus on three distinct life stages - birth/early life, childhood, 
and early adulthood - to understand when risk factors are most harmful. Respecting the temporal sequence of expo-
sures, we use a series of multivariable logistic regression models to estimate associations between early menopause 
and each potential risk factor adjusted for confounders.

Results: We find that early menopause is influenced by circumstances at birth. Women born in lower social class 
families, whose mother smoked during the pregnancy or who were breastfed 1 month or less were more likely to 
undergo early menopause. Early menopause is also associated with poorer cognitive ability and smoking in child-
hood. Adult health behaviour also matters. Smoking is positively correlated with early menopause, while regular 
exercise and moderate frequency of alcohol drinking in women’s early thirties are associated with reduced risk of early 
menopause. The occurrence of gynaecological problems by women’s early thirties is also linked to early menopause.

Conclusions: We demonstrate that characteristics at different periods of life are associated with early menopause. 
Some of these associations relate to modifiable behaviours and thus the risks of early menopause and the adverse 
health outcomes associated with it may be preventable.

Keywords: Early menopause, Risk factors, Life course, Birth cohort, Social class, Breastfeeding, Cognition, Smoking, 
Alcohol, Exercise, Gynaecological problems
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Background
Menopause marks the permanent cessation of menstrua-
tion and the end of a woman’s reproductive life follow-
ing alterations in the ovarian follicular function and the 
hypothalamic-pituitary function [1–3]. It may occur 
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naturally (spontaneously) or be medically induced (e.g., 
surgical removal of both ovaries). Natural menopause, 
defined after 12 consecutive months of amenorrhea for 
which there is not obvious pathological or physiological 
cause, usually occurs between 45 and 55 years of age with 
an average age estimated between 50 and 52 years though 
there are slight variations between ethnic groups [4, 5]. 
Between 1 and 3% experience menopause without obvi-
ous cause before the age of 40, and between 5 and 10% 
experience it between the ages of 40 and 44. Here, we will 
follow the convention of referring to the onset of natural 
menopause before age 45 as early menopause1 [5, 6]. Ear-
lier menopause is considered a marker of adverse health 
later in life [7]. Results from population-based samples 
have shown that women who experience early natural 
menopause have an increased risk of cardiovascular dis-
ease [8, 9], osteoporosis [10], type 2 diabetes [11], pre-
mature decline in cognitive function [12], decreased life 
expectancy and increased all-cause mortality [5, 13].

Past research suggests that the onset of natural meno-
pause is strongly influenced by genetics [14, 15], but 
non-genetic factors can also play a role [16, 17]. There is, 
however, little consensus on the influence of non-genetic 
factors on the timing of natural menopause. Cigarette 
smoking has consistently been associated with early men-
opause, but the influence of several other factors such as 
reproductive health, health behaviour (e.g., alcohol con-
sumption, exercise), and socioeconomic circumstances 
remains unclear. Consequently, it is critically important 
to establish the non-genetic factors associated with early 
natural menopause, especially those that are modifiable 
so that preventive health strategies can be considered.

The use of a life course approach for studying the tim-
ing of menopause is supported by the literature [18–20]. 
The life course approach enables identification of critical 
or sensitive periods during life where exposure to a par-
ticular risk factor is most harmful and may thus provide 
information on timely interventions [21]. A life course 
approach is useful for investigating age at menopause 
because a woman’s ovarian reserve declines gradually 
from about several million follicles post-conception to 
about 1 million at birth, 500,000 at menarche, and around 
a thousand prior to menopause [22]. This indicates that 
factors operating both before and after birth may play a 
role in follicle pool depletion and identifying such factors 
may help in understanding the biological process of men-
opause. Previous studies have noted that fetal and early 
life factors such as fetal growth, early life nutrition, early 

life stress and cognition, and childhood socioeconomic 
circumstances may influence the timing of menopause, 
but few studies have prospectively collected measures of 
multiple factors from early life alongside later life expo-
sures [20, 23].

Previous research has suggested that restricted fetal 
growth, generally marked by low birthweight, may 
adversely affect the peak number of ovarian follicles 
and thus affect the timing of the menopause [5]. Several 
studies investigated the relationship between low birth 
weight and early menopause [23–29], but only few found 
a significant association [24–27]. In one of the few stud-
ies with information on gestational age, Tom et al. (2010) 
illustrated an increased risk for menopause before 45 for 
women with heavy weight at birth and high birthweight 
standardized by gestational age - a marker of faster fetal 
growth rate – indicating that growth rate rather than pre-
maturity might be more important. Some studies showed 
a significant association with early menopause of low 
weight at 1 year [29] or at 2 years [23].

Poor nutrition has also been linked to the timing of 
menopause, with research showing that children who 
were not breastfed or breastfed for short periods, who 
had a low nutrient intake and slow post-natal growth may 
undergo menopause earlier [13, 30]. Breastfeeding was 
found to delay menopause in the 1946 National Survey of 
Health and Development (NSHD) [23, 31], but no asso-
ciation was found in UK Biobank (2016).

It has been hypothesised that prenatal exposure to cig-
arette smoke may affect the follicle pool by altering the 
development of ovarian follicles [32]. A negative effect of 
maternal smoking around birth on early menopause was 
observed in the UK Biobank [25] and a US cohort study 
of prenatal diethylstilbestrol exposure [33], while other 
studies found no association [26, 34, 35].

It is hypothesised that both young and old maternal age 
at birth may increase the risk of earlier menopause in the 
daughter [23]. If the maternal cycle is irregular at concep-
tion the maturational state of the oocyte at ovulation may 
not be optimal, which increases the risk of ovarian mal-
development, and thus infertility and early menopause in 
the daughter [36]. However, Steiner et al. (2010) showed 
that having a mother aged 35 years or older at birth was 
associated with later age at menopause compared with 
mothers aged 20–34 years.

Several studies have indicated an association between 
disadvantaged childhood socioeconomic position and 
earlier menopause, and the impact of socioeconomic 
disadvantage has been considered to act through the 
effects of hardship experience throughout life and health 
behaviours [20, 37, 38]. Others have found no or weak 
associations [29, 39]. Socioeconomic position in child-
hood has been found to be more strongly related to early 

1 Formally, early menopause is defined as menopause between the ages of 40 
and 44, and the onset of menopause before age 40 as premature menopause 
[5, 6].
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menopause than adult socioeconomic position in the 
NSHD [20, 37], while adverse lifetime socioeconomic 
position was associated with earlier menopause in the 
British Women’s Heart and Health Study [38]. Adult 
social class was not related to early menopause in a study 
using 1958 National Child Development Study (NCDS) 
data (up until age 45) [27].

Psychological health in early life has been linked to the 
onset of menopause, potentially acting though the func-
tion of the hypothalamic-pituitary-adrenal axis, which 
affects the reproduction function [31]. For example, 
parental separation, hypothesised as an indicator of early 
emotional stress, has been associated with earlier meno-
pause in the NSHD [20].

Several studies have found that lower cognitive abil-
ity in childhood is associated with early menopause with 
earlier measures of cognitive ability being more strongly 
related to age at menopause than tests taken later in life 
[31, 39, 40]. It has been hypothesised that this relation-
ship may be due to ovarian steroids from early in life 
which act to affect both neuron and ovarian follicle loss 
[23, 41]. However, heritability studies suggested potential 
“genetic programming”, raising the prospect that meno-
pause and cognitive function may be influenced by the 
same genes [15, 17].

It has been hypothesized that fewer ovulatory cycles, 
crudely estimated by events contributing to a lower num-
ber of menstrual cycles, such as late age at menarche, 
longer menstrual cycles, and a higher number of full-
term pregnancies, as well as length of use of oral contra-
ceptives where menstrual cycles are likely anovulatory, 
result in later age at menopause [42]. The evidence, 
however, is contested [13, 25, 35–38], and it should be 
noted that the true number of ovulatory cycles cannot be 
determined accurately as cycles can be anovulatory (the 
release of an egg does not occur) even when menstrual 
bleeding occurs, with anovulatory cycles becoming more 
common with increasing age [43].

Gynaecological problems are another potential risk 
factor for early menopause. UK Biobank data showed no 
evidence of an association between such problems and 
early menopause [25]. However, several studies inves-
tigating the impact of pelvic or ovarian infections, or 
routine gynaecological surgeries, on fertility and ovarian 
function (primarily by studying response to ovarian stim-
ulation during IVF cycles) have shown that women who 
do not respond to hormonal stimulation are more likely 
to experience early menopause [44–48].

Behavioural factors such as smoking, drinking and 
exercise affect endocrine function and women’s repro-
ductive hormones, and thus may have an impact on 
the timing of menopause [49–52]. It has been consist-
ently shown that women who smoke are more likely to 

experience menopause between 1 and 2 years earlier 
than non-smokers [13, 53–56]. Pooled analysis of 17 
studies demonstrated that a higher number of cigarettes 
smoked per day and a longer period of cigarette smok-
ing, including an earlier age at starting, were associated 
with early menopause [57]. While several studies have 
postulated that moderate consumption of alcohol delays 
menopause [58–60] by inducing oestrogen production 
[50, 51], others have shown associations with younger age 
at menopause [61] or found no relationship [62]. Mod-
erate physical activity has been associated with later age 
at natural menopause [55], but other studies observed no 
association for either adolescent or adulthood physical 
activity [63].

Associations between body mass index (BMI) and 
obesity with ovarian reserve and menopause have been 
inconsistent and the mechanisms underlying the associa-
tions unclear [53, 64–68]. However, many studies used 
only a midlife BMI measure, whereas the effects of BMI 
may depend on the stage of menopause transition [69]. 
Alternatively, it may be that change in weight rather than 
weight at a particular point impacts the timing of meno-
pause [70].

It has been suggested that the lack of consensus on the 
factors affecting the timing of natural menopause could 
be explained by methodological differences, e.g., differ-
ences in study populations and designs, differences in the 
definition of menopause, and varying use of controls in 
the analyses [4, 13]. Analysis of large-scale prospective 
studies can help resolve this lack of consensus [13].

We contribute to this literature with a study investigat-
ing non-genetic risk factors from across the life course 
for early natural menopause using data from two popu-
lation-based prospective cohort studies of British women 
born in 1958 and 1970 and followed from birth through 
to childhood and adulthood. Using data from two studies 
increases the numbers experiencing menopause before 
the age of 45 which provides greater statistical power 
while also allowing assessment of consistency of associa-
tions across generations. Taking a life course approach, 
we investigate whether early life exposures (maternal 
smoking in pregnancy, maternal age at birth, birthweight, 
gestational age, and breastfeeding), reproductive char-
acteristics (age at menarche, gynaecological problems, 
contraceptive use, and live births), health behaviour 
(smoking, alcohol consumption, and exercise), socio-
economic characteristics (father’s social class at birth 
and adult social class), cognitive ability, psychological 
distress and BMI are associated with early menopause. 
Respecting the timing and temporal order of exposures, 
we investigate the role of exposures during potentially 
critical or sensitive periods in early life alongside adult 
factors to understand the stages of life where exposure is 
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important. There is substantial literature that the devel-
opmental origins of health lie in the early life period [71–
73], and a life course approach is important not only for 
the development of health preventive strategies but for 
identifying the appropriate time to intervene [18].

Methods
This study investigates non-genetic risk factors for early 
natural menopause at three distinct stages of life preced-
ing the menopause onset – birth and early life, childhood, 
and early adulthood. We address the following research 
questions:

1. What birth and early life characteristics are associ-
ated with menopause before 45 years of age?

2. What childhood characteristics are associated with 
early menopause, while factors at birth are accounted 
for?

3. And lastly, what adult characteristics influence early 
menopause, while early life and childhood factors are 
accounted for?

The data used in this study is harmonized pooled 
individual level data comprising women from the 1958 
National Child Development Study (NCDS) and the 1970 

British Cohort Study (BCS70). The NCDS and BCS70 are 
prospective birth cohort studies that follow the lives of 
8959 women (18,558 people) and 8655 women (18,037 
people), respectively, born in England, Scotland, and 
Wales in a single week of March 1958 and March 1970 
[74, 75]. Since birth, study members of the 1958 cohort 
(and/or their parents) have been interviewed 10 times at 
ages 7, 11, 16, 23, 33, 42, 44/45, 46, 50 and 55. We use 
information collected at birth and ages 7, 11, 16, 33, 42, 
44/45 and 50 [76]. Since birth, study members of the 
1970 cohort (and/or their parents) have been interviewed 
9 times at ages 5, 10, 16, 26, 30, 34, 38, 42 and 46. We use 
information collected at birth and ages 5, 10, 16, 30, 38, 
42 and 46 [77]. Participation in both studies is voluntary 
and requires verbal consent [78, 79].

Menopause status
Menopause status is determined using information col-
lected at age 42 and 46 in BCS70 and age 44/45 and 50 in 
NCDS. Of the 8655 women in the 1970 cohort at birth, 
5117 participated at the age 42 follow-up survey (of 6600 
eligible for interview) and 4427 participated at the sub-
sequent age 46 survey (of 6171 eligible). Of the 8959 
women in the 1958 cohort at birth, 4712 participated 
at the age 44/45 follow-up survey (of 6606 eligible for 

A B

Fig. 1 Participation and attrition in the 1958 National Child Development Study (A) and 1970 British Cohort Study (B)
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interview) and 4968 women took part at the subsequent 
age 50 survey (of 6139 eligible) (Fig. 1A, B).

Women in both cohorts were asked if they had men-
strual periods in the past 12 months. In the presence 
of amenorrhea, they were asked if they had periods in 
the past 3 months. Women with no periods in the past 
12 months were asked about their age and the month at 
their final menstrual period (FMP) and the reason for 
amenorrhea. All women were asked about changes in the 
regularity of their menstrual periods in the last few years 
or before their FMP, about having undergone hysterec-
tomy or bilateral oophorectomy, and hormone therapy 
(HT) use, including the dates of surgery or initiation of 
HT, and FMP prior to initiation of HT if menstruation 
has ceased before the HT start.

The derivation of menopause status followed widely 
accepted classification [4, 22]. Natural menopause was 
defined as 12 or more consecutive months of amenorrhea 
for which there was no obvious reason. Peri-menopausal 
women were those with 3 to 11 months of amenorrhea 
or whose periods became less regular in the absence of 
amenorrhea. Pre-menopausal women reported menstru-
ation within the last 3 months. Those who have under-
gone hysterectomy or bilateral oophorectomy prior to 
their FMP or whose periods stopped for other obvious 
reasons (e.g., pregnancy, contraceptives, chemother-
apy, or radiotherapy), as well as women who started HT 
prior to their FMP, were classified in separate catego-
ries. The same rules applied for the initial and follow-
up sweep. However, once a woman had gone through 
natural menopause or a surgery (hysterectomy/bilateral 
oophorectomy) or had initiated HT prior to the FMP, 
their menopausal status remained unchanged for the 
subsequent survey. Four thousand one hundred fifty-two 
women in the 1970 cohort and 5023 women in the 1958 
cohort provided sufficient information for menopause 
status (by age 46 in the 1970 and by age 50 in the 1958 
cohort) to be assigned. Only pre-, peri-menopausal and 
women with natural menopause were included in this 
analysis: 3191 in the 1970 and 3614 in the 1958 cohort.2 
A binary outcome variable distinguishing women experi-
encing natural menopause before age 45 (206 in the 1970 
and 368 in the 1958 cohort) from those who experienced 
natural menopause at 45 or more years, or were peri- or 
pre-menopause (2985 in the 1970 and 3246 in the 1958 
cohort) was defined (Fig.  1A, B). Women with absent 
menstrual periods due to surgery (331 in the 1970 and 

535 in the 1958 cohort) or other reasons (272 in the 1970 
and 197 in the 1958 cohort) or who started HT before 
their FMP (176 in the 1970 and 542 in the 1958 cohort) 
were excluded. Details about the classification of women 
into menopause status are provided in Supplementary 
material (Additional file 1: Tables 1 and 2).

Potential risk factors
The choice of potential risk factors is guided by the litera-
ture reviewed above. Risk factors at birth include: father’s 
social class, maternal smoking during pregnancy, birth-
weight standardized for gestational age, maternal age, and 
breastfeeding. Apart from birth weight and gestational 
age, which were recorded by a midwife, circumstances at 
birth were reported by mothers of cohort women. Child-
hood risk factors include: cognitive ability at age 10 in 
BCS70 or 11 in NCDS (assessed by reading comprehen-
sion and mathematics test scores), age at menarche, and a 
set of health behaviour characteristics at age 16 – smok-
ing, alcohol consumption, frequency of physical activity, 
BMI, and psychological distress (assessed by response to 
3 items of the Rutter behaviour scale: often worried, mis-
erable, fearful [80]). At ages 10 or 11, reading comprehen-
sion and mathematics tests were conducted with cohort 
members [81, 82]. At 16, information on health behaviour 
(smoking, drinking and exercise) was provided by cohort 
women themselves; information about menarche and 
emotional distress was reported by mothers; and meas-
ures of weight and height (used to derive childhood BMI) 
were recorded at medical examinations. Adulthood risk 
factors, provided by cohort women, include: the same 
set of health behaviours – smoking, alcohol consump-
tion, physical activity, BMI, and psychological distress 
(assessed by response to 24 items of the Rutter  Malaise 
inventory  [80]) - measured at age 30 in BCS70 or 33 in 
NCDS. Other adult risk factors include a set of reproduc-
tive characteristics such as experience of period prob-
lems or other gynaecological issues by age 30 in BCS70 or 
33 in NCDS, use of contraceptives by age 30 in BCS70 or 
42 in NCDS, and live births by age 38 in BCS70 or 42 in 
NCDS; as well as a measure of occupational social class 
at 38 in BCS70 or 42 in NCDS. When not used as expo-
sures, we control for (some of ) these factors as potential 
confounders (see Statistical analysis). Table 1 details the 
measures used in this pooled analysis, following data har-
monisation. Where possible, we aimed to include expo-
sure variables that precede the onset of the menopause so 
that the temporal ordering of a potential risk factor and 
the outcome was not compromised. This, however, can-
not be ensured with measures in women’s late thirties or 
early forties which were included in this analysis due to 
unavailability of such marker in earlier survey.

2 Following further exclusion of twins and triplets and women with miss-
ing multiple birth information (182 in the 1970 and 135 in the 1958 cohort). 
This is because previous research has established strong genetics relationship 
between being a child of a multiple birth and premature or early menopause 
[5].
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Statistical analysis
Descriptive statistics for all variables included in the 
analysis for each cohort separately, including means and 
standard deviation, median and range for continuous 
variables, and percentages with 95% confidence intervals 
for categorical variables, are presented in Supplementary 
material (Additional file 1: Table 3).

We use multivariable logistic regression and present 
adjusted odds ratios and 95% confidence intervals for the 
association between each potential risk factor and meno-
pause before 45 years after controlling for confounders. 
The data for the two cohorts are pooled with models 
incorporating a dummy variable identifying which cohort 
the woman belonged to (1958 or 1970). We use multi-
ple imputation techniques to tackle data missingness 
(see Missing data). Respecting the temporal sequence of 
exposures, we fit a series of models to estimate associa-
tions of risk factors adjusted for preceding variables only. 
We estimate the association between early menopause 
and: social class at birth controlling for cohort year only; 
maternal smoking controlling for social class; birth-
weight (standardized for gestational age) controlling for 
social class, maternal smoking, and maternal age at birth; 
breastfeeding controlling for all other birth variables. We 
estimate the association between early menopause and 
cognition (at age 10 or 11) controlling for all birth fac-
tors. We then fit a model including all other childhood 
risk factors, controlling for cognitive ability and birth 
factors.3 Finally, a model was used to estimate the asso-
ciations between early menopause and all adulthood risk 
factors, controlling for childhood and birth factors. We 
also fit models for each potential risk factor adjusted for 
cohort year only and the results are presented in Supple-
mentary material (Additional file 1: Table 4).

The pooled cohort analysis enables us to estimate 
associations with increased statistical power (due to the 
increased size of our analytical sample) and focus on the 
common factors affecting menopause before 45 (rather 
than associations observed in each study separately). The 
sequential regression modelling, adjusted for preceding 
factors only (as confounders) and not mediators, aims to 
estimate (adjusted) associations which may reflect causal 
effects (under assumptions of no unmeasured confound-
ing or other sources of bias) [84, 85].

In secondary analyses, we carried out logistic regres-
sion analyses relating menopause before 45 to the birth, 
childhood, and early adulthood variables, in each cohort 

separately. These results are presented in Supplementary 
material (Additional file 1: Tables 5 and 6).

All analyses were conducted using Stata version 15.0.

Missing data
To avoid the limitation of performing this analysis on a 
significantly reduced analytical sample, due to simultane-
ous inclusion of exposure variables from different periods 
of life and with different levels of unit and item missing-
ness, we used Multiple Imputation (MI) with chained 
equations [86–88], under an assumption of missing at 
random (MAR),4 performed in each cohort separately. 
The proportion of missing observations in potential risk 
factors range between 4 to 31% in NCDS and 3 to 57% 
in BCS70 (Additional file 1: Table 3). Further to being of 
substantive interest in this study, previous research on 
predictors of non-response in the 1970 and 1958 cohorts 
has shown that birth and early life characteristics, includ-
ing social class at birth, maternal age at birth, breast-
feeding, childhood cognition and mental health, are 
important determinants of non-response in the cohorts 
and can make the MAR assumption more plausible. 
Respectively, including these variables in the imputa-
tion models can help reduce bias due to missing data and 
restore sample representativeness [86–89]. The imputa-
tion model included all potential risk factors (exposures) 
and menopause status (outcome), but missing values 
were only imputed on exposures (see details about Men-
opause status missingness in  Menopause status and in 
Supplementary material (Additional file 1: Tables 2.1 and 
2.2)) [88]. Fifty imputed datasets were created for each 
cohort, in line with the recommendation that the number 
of imputations should be comparable to the proportion 
of missing data [90], and models were subsequently fit-
ted using the combined (1970 and 1958 cohort) imputed 
datasets. The imputation was conducted using Stata ver-
sion 15.0.

Results
The analytical sample comprised 6805 (natural) meno-
pausal, peri- and pre- menopausal women (3191 par-
ticipating in the 1970 and 3614 participating in the 1958 
cohort). By age 45, 206 (6.5, 95% CI: 5.7–7.4) women in 
BCS70 and 368 (10.2, 95% CI: 9.2–11.2) women in NCDS 
analytical samples had undergone natural menopause. 
The pooled sample comprised of 574 (8.4, 95% CI: 7.8–
9.1) early menopausal women. Women’s birth, childhood, 
and adult characteristics, in each cohort separately, are 

3 The association between age at menarche and early menopause has also 
been estimated without other age 16 variables (i.e., excluding BMI, smoking, 
drinking, exercise, and emotional distress), controlling for cognitive abil-
ity and factors at birth only. No difference from the presented estimate was 
observed (results not shown).

4 It implies that systematic differences between the missing and observed data 
can be explained by the observed data [87].
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presented in Supplementary material (Additional file  1: 
Table 3).

Birth models
Table  2 reports associations between women’s traits at 
birth and the subsequent probability of early menopause. 
Women whose fathers at birth worked in manual occupa-
tions had a twofold increase in the odds (2.0 times higher) 
for early menopause compared to women whose fathers 
occupied non-manual jobs; the increase in the odds was 
more than twofold (2.2 times higher) for women whose 
fathers were absent at the time of their birth. Women 
whose mothers smoked during pregnancy had 24% 
higher odds for early menopause compared to women 
whose mothers did not smoke during pregnancy. Women 

who were breastfed for less than a month had 30% higher 
odds for early menopause compared to women who were 
breastfed for 1 month or longer. Younger age of mother at 
birth was associated with increased odds for being early 
menopausal, but the 95% confidence interval included 
1. There was no evidence for association between birth-
weight (standardized for gestational age) and early 
menopause.

Childhood models
Table  3 presents associations between childhood char-
acteristics and early menopause. The odds for early 
menopause decreased with an increase in childhood cog-
nitive ability. One standard deviation higher cognitive 
ability score corresponded to 36% lower odds for being 
early menopausal. Women who smoked at 16, compared 
to those who did not, had 51% higher odds for early 
menopause.

There was no evidence that menarcheal age, alcohol 
drinking, exercise, or emotional problems at 16, were 
associated with menopause before 45.

Early adulthood model
Table  4 presents associations between characteristics 
recorded in women’s early adulthood, and their prob-
ability of early menopause. Women who experienced 

Table 2 Odds Ratios (OR) and 95% confidence intervals (CI) for 
being early menopausal on birth characteristics (n = 6805)

This table presents selected coefficients for being early menopausal on birth 
characteristics. Full results are presented in Supplementary material (Additional 
file 1: Table 4)

An asterisk indicates significance levels, *** p < 0.001, * p < 0.05 

Adjusted for:
a  Cohort year
b  Father’s social class, and cohort year
c  Father’s social class, maternal smoking during pregnancy, birthweight 
standardized for gestational age, and cohort year
d  Father’s social class, maternal smoking during pregnancy, maternal age at 
birth, and cohort year
e  Father’s social class, maternal smoking during pregnancy, maternal age at 
birth, birthweight standardized for gestational age, and cohort year

Birth characteristics OR 95% CI

Father’s social classa

 No father in household/Other 2.20*** 1.48 3.28

 Manual 2.02*** 1.61 2.54

 Non-manual (reference) 1

Mother smoked during pregnancyb

 No (reference) 1

 Stopped prior or during the pregnancy 0.77 0.50 1.18

 Smoked during pregnancy 1.24* 1.03 1.49

Maternal age at birthc

 19 or less years 1.25 0.90 1.74

 20–34 years (reference) 1

 35 or more years 1.13 0.85 1.48

Birthweight standardized for gestationd

 1st quarter (lowest) 1.01 0.78 1.30

 2nd quarter 0.91 0.70 1.18

 3rd quarter (reference) 1

 4th quarter (highest) 1.05 0.80 1.39

Breastfede

 Less than 1 month 1.30* 1.05 1.60

 1 or more months (reference) 1

Table 3 Odds Ratios (OR) and 95% confidence intervals (CI) for 
being early menopausal on childhood characteristics (n = 6805)

The second childhood model (from which all the other coefficients come from) 
included all remaining potential risk factors in childhood (age at menarche, BMI, 
smoking, alcohol drinking, exercise, and emotional/neurotic score), adjusted for 
cognitive ability at 10/11 and birth characteristics, and cohort year

This table presents selected coefficients for being early menopausal on 
childhood characteristics. Full results are presented in Supplementary material 
(Additional file 1: Table 4)

An asterisk indicates significance levels, *** p < 0.001
a  Adjusted for all birth characteristics, and cohort year

Childhood characteristics OR 95% CI

Cognitive ability at 10/11 (per SD)a 0.64*** 0.57 0.71

Age at menarche (per year) 0.98 0.90 1.07

BMI at 16 (per kg/m2) 1.03 0.99 1.07

Smoking at 16
 No (reference) 1

 Yes 1.51*** 1.19 1.92

Drinking the week prior age 16 interview
 No (reference) 1

 Yes 1.09 0.85 1.39

Exercise at 16
 Monthly or less often (reference) 1

 Weekly (Often) 0.92 0.70 1.20

Emotional/Neurotic score at 16 1.00 0.92 1.10
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problems with periods or other gynaecological issues by 
their early thirties, and those who smoked in their early 
thirties, were 68 and 69% more likely to be menopausal 
before 45, respectively. On the other hand, alcohol drink-
ing, once to three times per month, compared to less fre-
quent consumption, was associated with decreased odds 
for early cessation of menstrual periods, although there 
was no evidence of a trend across categories. Further, the 
odds for early menopause decreased with one or more 
days of exercise per week compared to less frequent exer-
cise. Women who were not in paid employment in their 

late thirties or early forties were more likely to undergo 
early menopause. This includes women who were unem-
ployed, in education, sick or disabled, or looking after 
home or family.

Other factors, such as BMI, mental health status, use 
of oral contraceptives or nulliparity were not significantly 
associated with early menopause.

Discussion
We found that multiple factors from birth, childhood 
and adulthood are associated with menopause before 
45 years of age. The early life factors associated with early 
menopause were father in a manual job, or no father fig-
ure at birth, mother smoking during pregnancy, and the 
absence of or short duration of breastfeeding. Childhood 
factors increasing the likelihood of early menopause 
were poor cognitive ability and smoking. Early adult-
hood factors associated with an increased probability of 
early menopause were smoking, no alcohol consumption, 
lower levels of exercise, problems with periods or other 
gynaecological issues, and not being in paid work.

Our findings support the hypothesis that fetal and early 
life experiences are associated with age at menopause. 
Consistent with previous studies, we find socioeconomic 
position, captured here by father’s social class at birth, 
to be related to the timing of menopause. The mecha-
nism underlying this association is unclear but may act 
through health behaviour such as diet and nutrition or 
may be due to its relationship with early emotional stress, 
for example that caused by the absence of a parent or 
other adverse experiences as suggested by previous stud-
ies [20, 38].

Our findings on the role of maternal smoking are con-
sistent with the hypothesis that prenatal exposure to 
cigarette smoking may supress the formation of the ovar-
ian follicle pool or damage it [32]. Our results on an asso-
ciation between breastfeeding and early menopause are 
consistent with those from the NSHD [23], described 
previously with the role of nutrition [13, 30, 31]. Incon-
sistencies with other studies showing no association [25] 
may be due to retrospective reporting of breastfeeding in 
such studies or factors controlled for in the analyses.

Our observation of a strong association with child-
hood cognitive ability is consistent with findings from 
other British birth cohort studies [39], where “genetic 
programming” has been suggested as a possible expla-
nation for this link (or that same or overlapping genetic 
mechanisms may be determining the neurocognitive 
function and the permanent cessation of menstrual peri-
ods) [15, 17].

Our study adds to the already consistent evidence that 
cigarette smoking is associated with early menopause. 
We also support previous findings that earlier initiation 

Table 4 Odds Ratios (OR) and 95% confidence intervals (CI) 
for being early menopausal on early adulthood characteristics 
(n = 6805)

The early adulthood model included all potential risk factors in adulthood, 
adjusted for all childhood and birth characteristics, and cohort year

This table presents selected coefficients for being early menopausal on early 
adulthood characteristics. Full results are presented in Supplementary material 
(Additional file 1: Table 4)

An asterisk indicates significance levels, *** p < 0.001, ** p < 0.01

Early adulthood characteristics OR 95% CI

BMI at 30/33 (per kg/m2) 0.99 0.96 1.02

Smoking at 30/33
 Never (reference) 1

 Ex-smoker 1.03 0.77 1.39

 Smoker 1.69*** 1.28 2.23

Alcohol consumption at 30/33
 Less often or never (reference) 1

 Monthly (one to three times a month) 0.76** 0.57 1.00

 Weekly (once to most days a week) 0.84 0.67 1.06

Exercise at 30/33
 Less often or never (reference) 1

 Monthly (two to three times a month) 1.18 0.79 1.76

 Weekly (once to most days a week) 0.75*** 0.60 0.93

Depression symptoms at 30/33
 No (reference) 1

 Yes 1.11 0.83 1.48

Periods or other gynaecological problems by 30/33
 No (reference) 1

 Yes 1.68*** 1.36 2.06

Used oral contraceptives by 30/42
 No (reference) 1

 Yes 0.85 0.63 1.16

No live born children by 38/42 (nulliparous)
 No (reference) 1

 Yes 1.13 0.88 1.45

Social class at age 38/42
 Not in paid employment 1.43*** 1.13 1.81

 Manual 0.96 0.74 1.24

 Non-manual (reference) 1
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of smoking is linked to earlier menopause [57] as we find 
increased odds of early menopause with smoking at age 
16 years.

Smoking was not the only health-related behaviour 
associated with the timing of menopause, however, 
physical activity and alcohol consumption were associ-
ated with lower odds for being early menopausal. Our 
analysis suggests that it is high levels of activity, in a 
woman’s early thirties, one to several days of exercise a 
week, which is associated with lower odds for early men-
opause. Previous research on the role of physical activ-
ity on menopause is scarce and inconclusive, however it 
has been demonstrated that women’s reproductive hor-
mones can be affected by physical factors [52]. We found 
that drinking, one to three times a month, in a woman’s 
early thirties, compared to less frequent drinking, low-
ered the odds for early menopause, but that there was 
no difference in odds for heavier drinkers. Although this 
observation is in line with a study using UK Biobank data 
[25], previous research on alcohol has not been consist-
ent. Some studies have suggested that moderate alcohol 
consumption increases oestrogen levels in women [50, 
51]. However, other studies have argued that health ben-
efits of light to moderate alcohol use, but not heavier, are 
likely to be spurious and due to control group misclas-
sification (e.g., some abstainers may be former dependent 
or heavy drinkers, who quit because of poor health, or 
individuals with long-term chronic illness) and residual 
confounding [91].

Gynaecological health was strongly linked to early 
menopause in our study. Previous evidence on the impact 
of gynaecological health on menopause timing is scarce. 
Gynaecological problems were not associated with early 
menopause in a study using UK Biobank data [25] but 
have been linked to it indirectly in studies on (in) fertility 
[47]. As different gynaecological conditions may have dif-
ferent effects on menopause, exploring the role of specific 
gynaecological problems (e.g., polycystic ovary syndrome 
(PCOS), endometriosis, or sexually transmitted infec-
tions) is important to better understand the relationship 
with menopause timing.

Contrary to the hypothesis [92] our results do not indi-
cate an association between age of menarche or live born 
children with the timing of menopause (in either crude 
or adjusted models). Noting the wide range of factors 
our models accounted for (in both childhood and adult-
hood), including other markers of reproductive health, 
this may suggest that menarche or parity effects observed 
previously might be due to residual confounding or recall 
error [93]. Age at menarche in our analyses is reported by 
mothers when daughters were aged 16 rather than self-
reported in adulthood [94]; and nulliparity derived using 
pregnancy histories through the study lifecycle.

And lastly, we observed that women not in paid 
employment in their late thirties or early forties had 
greater odds of early menopause. Previous findings have 
not been consistent including a study using NCDS data 
(up until age 45) which found no effect on menopause 
before 45 years [27]. This, again, may be indicative of 
the importance of the timing of risk factor exposure. We 
note, that in our study this measure is not strictly preced-
ing the menopause but is likely representative of earlier 
adult socioeconomic position.

There are limitations to consider in our study. As with 
any longitudinal study, both cohorts have been affected 
by attrition. Fortunately, the retention rates over the dec-
ades following the study members have been strong [86]. 
The proportion of women lost to follow-up (due to per-
manent refusal, inability to trace, emigration, or death) by 
age 42 survey in the 1970 cohort and age 44/45 survey in 
the 1958 cohort (when questions about menopause were 
first asked), was approximately a quarter of the original 
sample in both cohorts. A further 5% percent were lost 
to follow-up in the subsequent sweep (age 46 in the 1970 
cohort and age 50 in the 1958 cohort). Participation rates 
in these follow-up sweeps varied between 71 and 81% (of 
all eligible women). Other factors that affected the size 
of our analytical sample were insufficient information to 
derive menopause status (in some circumstances due to 
survey error5) and the exclusion of women based on the 
definition of our target population.

Other limitations include the retrospective collection 
of information on menopause and potential for recall 
bias although recall was not over a long period. Previous 
research has indicated that menopause is reasonably well 
recalled but the recall error is expected to increase with 
the time after menopause6 [95]. Additionally, the recall of 
multiple events (e.g., amenorrhea, surgery, and HT ini-
tiation) and the associated dates may be more suscepti-
ble to recall error (we assign menopause status based on 
the first experienced event). Another possibility for mis-
classification comes from the use of menstrual bleeding 
criteria to assign menopause status (rather than hormo-
nal levels) which may be problematic in the presence of 
conditions that affect the menstrual bleeding (e.g., abnor-
mal menstrual patterns following endometrial ablation, 

5 For example, women in the 1970 cohort who at age 42 survey reported 
amenorrhea due to other (known) reasons (incl. Pregnancy, breastfeed-
ing, contraception) were erroneously omitted the menstrual cycle questions 
in the subsequent age 46 survey. As a result, menopause status has not been 
assigned for those women.
6 Due to an error, women in the 1958 cohort who reported natural men-
opause in the age 44/45 follow-up were not asked about their age at their 
FMP; they were asked about this subsequently at the age 50 follow-up, 
which increases the risk for recall error.
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presence of polycystic ovarian syndrome, or other uter-
ine or ovarian anomalies, including excessive exercise).

We investigated the role of a large number of potential 
risk factors at different stages of life, and with different 
levels of (unit and item) missingness. We noted missing-
ness in risk factors between 4 and 31% in the 1958 and 
3–57% in the 1970 cohort (Additional file  1: Table  3). 
We approached the missing data problem with MI using 
a high number of imputations in line with the recom-
mendation [90]. Further, we noted that (birth and early 
life) characteristics of substantial research interest in our 
study have been found previously to affect non-response 
in both cohorts; therefore, including these characteristics 
in our imputation model and analysis can help reduce 
bias due to missing data and restore sample representa-
tiveness [86, 89]. Despite our efforts, bias due to selective 
attrition cannot be ruled out.

We include a wide range of prospectively collected 
risk factors ensuring in all models that known and 
measured confounders are accounted for, but potential 
biases resulting from unobserved confounding (com-
promising the estimation of causal effects in obser-
vational studies, alongside other sources of bias) is 
inevitable. We do not account for the variation in the 
experience of menopause before 45 years among women 
of different ethnic backgrounds because both cohorts 
are of predominantly White ethnic background and 
very few women (less than 10) of non-White ethnic 
background have undergone early menopause in our 
analytical sample.

Our analysis investigates common risk factors for 
women born 12 years apart which may obscure cohort-
specific relationships. We use a combined study because 
of the comparable study designs and measures but 
acknowledge the potential for bias in the harmonized 
data that may result from combining data from different 
studies (e.g., due to age and periods effects, or different 
level of sample attrition and missing data) which may in 
turn affect the generalizability of our findings. Nonethe-
less, it is reassuring that the associations presented here 
are consistent with those observed in each cohort sepa-
rately. If statistical significance is not reached in a cohort, 
the estimated effects remain in the same direction (see 
study-specific analyses in Supplementary material: Addi-
tional file 1: Tables 5 and 6). As we aim to ensure com-
parability in the derived measures, potentially important 
risk factors may have been disregarded if relevant infor-
mation was only available in one of the cohorts (e.g., 
specific problems with periods such as heavy periods or 
gynaecological conditions such as endometriosis which 
may be associated with different age at menopause). 
Another possible limitation is the absence of specific 

measures (e.g., type and dose of contraceptives) in both 
studies which may affect the observed associations. And 
finally, our analysis did not consider the possibility that 
premature (menopause before 40 years of age) and early 
menopause (between 40 and 44 years) might be affected 
by distinct (non-genetic) factors. Previous genetic 
research has questioned whether premature menopause 
is determined by the same genes as menopause that 
occurs between 40 and 44 years [14].

Conclusions
In conclusion, we investigated risk factors for early 
natural menopause (before the age of 45) in two popu-
lation-based prospective cohort studies of women born 
in Britain in 1958 and 1970 and followed from birth to 
adulthood. We demonstrated that characteristics at dif-
ferent stages of life are associated with menopause before 
the age of 45 – an event with serious health conse-
quences. Some of these associations may reflect genetic 
or underlying biological processes which with further 
investigation could lead to better understanding of the 
menopausal process and reproductive health across the 
life course. Further, some of the characteristics associ-
ated with early menopause relate to behaviours which are 
modifiable (e.g., breastfeeding, smoking, physical activ-
ity). If the presented associations reflect causal effects, 
early (timely) prevention may reduce the risks of early 
menopause and hence the adverse health outcomes asso-
ciated with it.
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Verbal consent has been obtained from all participants in the study [79].
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