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BACKGROUND: Early life development may influence the timing of natural menopause through association with size of the initial follicle
pool or early follicular loss. This study examines the relationships of birthweight, gestational age and birthweight standardized by gestational
age with early menopause in the 1958 British birth cohort study.

METHODS: Study participants were over 2900 women with data on birthweight, gestational age (obtained at birth), menopausal status at
age 44—45 years and potential confounding factors. Logistic regression was used to study relationships of birthweight, gestational age and
birthweight standardized by gestational age with post-menopausal status by 44—45 years, with and without adjustments for confounding
factors.

RESULTS: There was a U-shaped association between birthweight and menopausal status at 44—45 years: women at either extremes of
birthweight (<2.5 and >4.0 kg) had increased odds of post-menopausal status compared with those weighing 3.0—3.49 kg [odds ratio
(OR) = 1.91, 95% confidence interval (Cl) 1.08, 3.38; 1.81, 95% CI I.11, 2.97, respectively]. Women with higher birthweight standardized
by gestational age (which indicates faster fetal growth rate) also had increased odds of being post-menopausal by 44—45 years (OR for fastest
quarter versus second fastest quarter = 1.80; 95% Cl 1.16, 2.81). These associations persisted after adjustment for socioeconomic position
at birth, adult smoking status and use of oral contraceptives.

CONCLUSIONS: These findings suggest that variations in fetal environment may be associated with the timing of menopause. Given that
extremes of birthweight and higher birthweight standardized by gestational age were associated with earlier age at menopause, mechanisms
related to these characteristics that also regulate ovarian function should be investigated further.
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Introduction

Early life development may be critical for the timing of menopause.
The primordial follicle pool size reaches its maximum at approximately
5 months gestation, with follicular loss already occurring by the onset
of post-natal life (Ginsberg, 1991; Forabosco and Sforza, 2007). Dis-
ruptions to the creation of the follicle pool or accelerated in utero
or post-natal follicle loss could result in earlier menopause due to
an earlier exhaustion of the follicular pool. The developmental
origins of adult disease hypothesis propose that early life environment
alters the structure and function of an organism such that it has
decreased the ability to respond to the adult environment (Gluckman

et al., 2005). If this paradigm applies to menopause, poor fetal environ-
ment may signal to the body to favour earlier reproduction and earlier
menopause. Early natural menopause is associated with future health
outcomes, including increased risk of all-cause and cause-specific mor-
tality, notably stroke and cardiovascular disease (Snowdon et al., 1989;
Cooper and Sandler, 1998; Cooper et al., 2000; Mondul et al., 2005;
Ossewaarde et al., 2005). As stroke and cardiovascular disease have
also been shown to be related to fetal environment (Lawlor et al.,
2005, 2007), it is possible that ovarian aging is part of the broader
aging process (Dorland et al., 1998).

While autoimmune conditions, infections and X chromosome
abnormalities (Beck-Peccoz and Persani, 2006) are established risk
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factors for premature ovarian failure (depletion of ovarian follicles
prior to age 40), few risk factors for early menopause outside this pre-
mature age range have been identified. From a limited number of
studies that have examined early life factors, shorter length at birth,
higher ponderal index, larger placenta, low weight gain by age
| year (Cresswell et al, 1997) and childhood social conditions
(Hardy and Kuh, 2005; Mishra et al., 2007) have been found to be
associated with earlier age at menopause. Only a few studies have
examined associations with birthweight or gestational age, but none
have demonstrated relationships with age at menopause (Cresswell
et al., 1997; Treloar et al., 2000; Hardy and Kuh, 2002; Mishra
et al., 2007). However, no studies have yet used birthweight standar-
dized by gestational age, an indicator of fetal growth rate. Birthweight
standardized by gestational age has been shown to be related to adult
outcomes, including systolic blood pressure (Leon et al., 2000; Lawlor
et al., 2007) and mortality from ischaemic heart disease (Leon et dl.,
1998). Among risk factors later in life, smoking and nulliparity have
been shown to be related to early age at menopause, but results con-
cerning the relationships with other adult risk factors, such as repro-
ductive health and socioeconomic position, have been mixed
(Whelan et al., 1990; Luoto et al., 1994; Torgerson et al., 1994;
Cramer et al., 1995; Bromberger et al., 1997; Nilsson et al., 1997;
van Noord et al., 1997; Gold et al., 2001; Mikkelsen et al., 2007).

The aim of this study was to examine the relationship between fetal
environment and early age at menopause using a large British birth
cohort study with risk factors measured prospectively over the life
course. We hypothesized that poor fetal environment, as indicated
by low birthweight, early gestational age and low birthweight standar-
dized by gestational age (as an indicator of slow fetal growth) would be
associated with earlier age at menopause.

Materials and Methods

Study population

The 1958 British birth cohort study consists of 17 638 males and females
followed up since their births during | week in March 1958 in England,
Scotland and Wales, with 920 immigrants with the same birth dates
recruited into the study up to age |6 years (Power and Elliott, 2006).
Of the 8522 females who have been cohort members since birth (437
female immigrants were not included in these analyses because they
lacked data on birth characteristics), 4506 participated in a biomedical
survey at age 44—45 years, when menopausal status was assessed, with
4403 women providing sufficient information for a valid menopausal
status to be assigned. The South East Multi-Centre Research Ethics Com-
mittee granted ethical approval for this study.

Menopausal status

At age 44—45 years, women were asked to complete a series of questions
about their menstrual cycles in the previous year, hormone therapy (HT)
use and gynaecological surgery. Using this information menopausal status
at age 44—45 years was defined as premenopausal (menstruation reported
within the last 3 months), perimenopausal (3—12 months of amenorrhea
or reports of periods becoming less regular in the absence of amenorrhea)
or post-menopausal (at least 12 months of amenorrhea with no other
reason reported to explain cessation). For the purposes of analyses, a
binary outcome variable was created: post-menopausal versus premeno-
pausal or perimenopausal. Women whose periods stopped because of
surgery, for some other reason (including radiation therapy or

chemotherapy), or who initiated HT use prior to their final menstrual
period were considered in a separate category.

Fetal environment

Information on birthweight (measured in ounces and converted into kilo-
grams) and gestational age (measured in completed weeks since the start
of the mother’s last menstrual period) was recorded at birth. Birthweight
was standardized by gestational age as follows: the difference between the
individual’s birthweight and the mean birthweight was calculated for that
gestational age (in weeks) divided by the standard deviation of birthweight
for that gestational age (Leon et al., 1998; Lawlor et al., 2005). This birth-
weight for gestation z-score allows comparison of the relative variation in
birthweight independent of gestational age, and has been interpreted as an
indicator of fetal growth rate. In some analyses, these variables were con-
sidered as continuous terms. In addition, birthweight was categorized into
five groups: < 2.5 kg, 2.5-2.9, 3.0-3.49 (reference group), 3.5-3.9, >
4.0 kg; gestational age was categorized into six groups: < 37 weeks, 37,
38, 39, 40 (reference group), > 40 weeks and birthweight for gestation
z-scores were categorized into quarters (second highest quarter as refer-
ence group). For birthweight, the reference group was selected because it
contained the mean and for birthweight for gestation z-scores, a similar
category in terms of relative position was selected.

Potential confounding factors

Childhood socioeconomic position was indicated by the father’s occu-
pation at the cohort member’s birth and grouped as follows: | or Il (pro-
fessional and managerial), Il non-manual (unskilled), IIl manual (skilled)
and IV and V (semi-skilled and unskilled manual) or female head of the
household. If the father’s occupation at birth was missing, then his occu-
pation when the cohort member was aged 7 years was utilized (n=
64). At age 42 years, the same categorizations of occupation were used
to describe the socioeconomic position of the cohort member. At this
age, the cohort member’s highest level of educational attainment was
also recorded, and her current smoking status was categorized as
current, former or never smoker. At age 44—45 years, the respondent
reported years of use of oral contraceptives (or contraception through
an injection) and number of biological children, i.e. parity. BMI (kg/m?)
at this age was calculated from measured heights and weights.

Statistical analyses

Separate logistic regression models were utilized to test the unadjusted
relationships between each of the three indicators of fetal environment
(birthweight, gestational age and birthweight standardized by gestational
age) and the binary outcome of post-menopausal status at age 44—45
years. Nonlinearity was tested by including quadratic as well as linear con-
tinuous terms in models. Where there was no evidence against linearity, a
continuous, linear term was included in subsequent models. Where there
was evidence of nonlinearity, linear and quadratic terms were included in
subsequent models, and variables were also modelled as categorical terms
(using the categorizations described above).

In a second stage of analysis, adjustments were made for all potential
confounders that were found to be associated with post-menopausal
status at the 0.05 significance level based on y* tests.

The main analyses presented were run on a sample excluding the
women who initiated HT use prior to menopause (n = 158) or whose
periods stopped due to surgery (n=435) or for other reasons (n=
20). Women with missing data on covariates were also excluded from
all analyses, giving analysis samples ranging from 3268 to 2956 women,
depending on the exposure examined (Fig. ). Sensitivity analyses were
performed to check the effect on the findings of these exclusions. First,
all analyses were repeated including women whose periods stopped due
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Participants at 45y, in Biomedical Study
n =4506

Assigned menopausal status
n = 4403

Assigned as premenopausal,
perimenopausal, or postmenopausal®
n=3790

Valid data for birth weight (n=3619);
gestational age (n=3360);
birth weight and gestational age
(n=3271)
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analysis sample’
n=3268

Gestational age
analysis sample”
n = 3037

Birth weight
standardised by

gestational age
analysis sample’
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Figure | Study participants (numbers with data) to examine the relationships of birthweight, gestational age and birthweight standardized by gesta-
tional age with early menopause in the 1958 British birth cohort study. *Exclusions in this step: hormone therapy (n = 158), hysterectomy (n = 435)
and other reasons for periods stopping (n = 20). TExcludes women with missing data on covariates.

to surgery or other reasons or who initiated HT use prior to menopause
as post-menopausal: results were similar to those presented here in which
these women were excluded. Second, unadjusted analyses were rerun
using maximum available samples and compared with those presented
here excluding those with incomplete covariate information; the findings
were again found to be similar.

All analyses were performed using Stata Version 9.

Results

Table | presents the characteristics of the study sample. At age 44—45
years, 73% of the female cohort members, included in analyses, were
still premenopausal, 21% were perimenopausal and 6% were post-
menopausal. In unadjusted analyses, women of higher socioeconomic
position at birth (P = 0.04) and who had used oral contraceptives
(P<0.01) were less likely to be post-menopausal by age 44—45
years compared with their counterparts, where as current smokers
at age 42 years were more likely to be post-menopausal at age 44—
45 years compared with former or never smokers. Other covariates
(i.e. socioeconomic position at age 42 years, age at menarche,
parity by age 44—45 years, educational attainment by age 42 years
or BMI at age 44—45 years) were not associated with menopausal
status.

When examining the association between birthweight and meno-
pausal status, there was evidence of a U-shaped relationship
(Table II and Fig. 2). In the unadjusted model, women who weighed
<2.5 kg at birth and women who weighed 4.0 kg or more were
more likely to be post-menopausal at age 44—45 years than women
who weighed between 3.0 and 3.49 kg. Women with the highest
and lowest levels of birthweight continued to have increased odds
of being post-menopausal by age 44—45 years after adjustment for
potential confounders. In a model using continuous terms, the
P-value for the quadratic term retained significance (P < 0.001).

There was no evidence of a relationship between gestational age
and post-menopausal status in unadjusted or adjusted analyses
(Table Il and Fig. 3).

In unadjusted models, women in the highest quarter of birthweight
standardized by gestational age were more likely to be post-
menopausal when compared with women in the second highest
quarter (Table Il and Fig. 4). This relationship remained after adjust-
ment for potential confounders: women with low birthweight standar-
dized by gestational age showed an increased risk of being
post-menopausal, although the difference from the reference category
did not reach conventional statistical significance. However, in analysis
of the continuous birthweight standardized by gestational age variable
the quadratic term retained significance (P = 0.03), suggesting a curvi-
linear association.
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Table I Characteristics of the study population Table 1 Continued
(including women with a valid ‘natural’ menopausal :

status and at least one measure of fetal environment). (%) N
) N : Oral contraceptive use by age 44—45 years 3449
........................................................................................ : Never used 8.3

Menopausal status at age 44—45 years 3708 0-4.9 20.8
Premenopausal 73.0 : 5.99 235
Perimenopausal 21.0 : 10—14.9 217
Post-menopausal 6.0 > 15 257

Birthweight (kg) 3619 : Smoking at 42 years 3353
<25 53 Current 21.6
25-2.9 21.5 Former 22.1
3.0-3.49 40.4 Never 56.3
3.5-3.9 24.4 : BMI (kg/m?) at 44—45 years 3697
=40 8.4 : <250 439

Gestational age (weeks) 3360 : 25.0-30.0 33.0
<37 37 >300 23.1
37 4.1 :

38 9.5

39 22.0

0 _ Table Il Associations of birthweight, gestational age
and birthweight standardized by gestational age with

=40 332 : post-menopausal status at age 44-45 years in the 1958

Father’s occupational class at birth 3703 British birth cohort study.
| or Il (professional/managerial) 19.9
Il non-manual 10.2 Unadjusted OR Adjusted OR

(95% ClI) (95% CIy*
Il manual 48.1 LU et ee e et tetu—.t ettt it et aantat—aataaratartrnanaraanns
IV, V, female head of household 21.8 Birthweight (kg)

Woman’s occupational class at age 42 years 3545 (n=3268)
| or Il (professional/managerial) 382 <25 1.91 (1.08, 3.38) 1.81 (1.02,3.22)

Il non-manual 332 2.5-29 1.10 (0.73, 1.67) 1.08 (0.71, 1.63)
Il manual 76 : 3.0-3.49 1.00 1.00
IV or V 21.0 : 3.5-3.9 1.27 (0.87, 1.86) 1.28 (0.88, 1.88)

Educational level attained by age 42 years 3708 : 240 1.81 (1.11,2.97) 1.84 (1.12, 3.03)
None 79 Gestational age 0.98 (0.90, 1.08) 0.98 (0.90, 1.08)
Some qualifications 15.1 '(n = 3037) per | week

increase
O level 34.0 : Birthweight standardized
A level 10.5 : by gestational age
Degree or higher 325 (n=12956)

Age at menarche (years) 2816 Quarter | (lowest) 1.27 (0.79, 2.03) 1.21 (0.75, 1.95)
<11 18.7 : 2 I.15(0.71, 1.88) 1.14 (0.70, 1.87)
12 233 : 3 1.00 1.00
13 28.8 Quarter 4 (highest) 1.80 (1.16, 2.81) 1.84 (1.18, 2.88)
14 20.1 OR, odds ratio; Cl, confidence interval.
> |5 9.1 . *Adjusted for socioeconomic position at birth, smoking status at age 42 years and oral

Parity at age 44—45 years 3450 . contraceptive use up to age 44—45 years.

No children 17.5
! 16 Discussion
2 42.8
3 17.9 - This study tested the hypothesis that a poor fetal environment is
> 4 children 57 - related to early age at menopause. There was evidence of an
increased risk of menopause by 44-45 year among women with
Continued

low weight at birth, possibly indicating an effect of poor fetal
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Figure 2 Percentage (SE) post-menopausal by age 44—45 years by
birthweight.
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Figure 3 Percentage (SE) post-menopausal by age 44—45 years by
gestational age (completed weeks).

environment. However, women who had the heaviest weight at birth
or highest birthweight standardized by gestational age (which is an
indicator of faster fetal growth rate) were also more likely to be post-
menopausal by age 44—45 years than women with mid-range values of
these measures. These results suggest that mechanisms relating fetal
environment to menopause, additional to those originally proposed,
may also influence risk of early age at menopause. Childhood socioe-
conomic position, use of oral contraceptives and smoking were related
to early menopause but these factors did not account for the relation-
ships between indicators of fetal environment and early menopause.

To our knowledge, this study is the first to observe a relationship
between birthweight and increased risk of early menopause: previous
studies did not find an association (Treloar et al., 2000; Hardy and
Kuh, 2002). Our results are consistent with a previous study which
found no relationship between gestational age (Cresswell et al.,
[997) and age at menopause among a study group that included a
wider range of age at menopause. Our results for birthweight standar-
dized by gestational age suggest that growth rate, and not necessarily
prematurity, is the characteristic of interest concerning early
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Figure 4 Percentage (SE) post-menopausal by age 44—45 years by
birthweight standardized by gestational age (presented as a standard
deviation score).

menopause. Evidence suggests that risk factors for early menopause
differ from those for later menopause (Mishra et al., 2007).
However, most studies have considered relationships between risk
factors and age at menopause over a broader age range. Such an
approach may obscure relationships between fetal environment and
early menopause specifically. Further, some previous analyses that
have used gestational age or birthweight have utilized small samples
(Cresswell et al., 1997).

Study strengths and limitations

Strengths of this study include the use of a large population-based
sample, thereby increasing study power to detect associations. We
were also able to focus specifically on early onset of menopause. In
addition, because this study is a prospective birth cohort and all
women were born in the same week of the same year, we can be con-
fident that the results are not explained by periods or cohort effects,
and problems associated with recall are minimized.

One limitation of this study is that the actual age at menopause
for those women post-menopausal by age 44—45 years was not
recorded. Data on timing of menopause would have allowed the
use of a method such as survival analysis that incorporates data
on women who initiated HT use prior to the cessation of menstrua-
tion or whose periods stopped for other reasons. The exclusion of
these women in the current analysis may have skewed the distri-
bution of age at menopause towards a higher age, and bias may
have been introduced. For example, young age at hysterectomy
may be indicative of early ovarian aging (Cooper et al., 2008).
Further, initiation of HT prior to the final menstrual period is likely
to indicate a response to symptoms related to the menopausal tran-
sition (Dennerstein et al., 2000; Hardy and Kuh, 2002; Kravitz et dl.,
2008), suggesting that both these sets of women may have been
likely to experience an early menopause. However, as detailed
above, the results from sensitivity analyses showed that when
these women were included in the post-menopausal group findings
were similar.
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A further limitation of not having information on timing of meno-
pause is that it was not possible to exclude women with premature
ovarian failure, who may have a different risk profile than women
who undergo early menopause within the normal range. The Study
of Women’s Health Across the Nation found that among women
who had experienced menopause by age 45 years, 35% had prema-
ture ovarian failure (Luborsky et al., 2003). Another potential limit-
ation of the study concerns sample attrition and exclusion of
women with missing data on covariates. Surviving study members
who had low birthweight were less likely than those with higher
birthweight to participate in the survey at 44-45 years (Atherton
et al., 2008).

Possible mechanisms for the association

Previous studies have found that impaired fetal growth, which low
birthweight indicates, was related to detrimental changes to the pan-
creas (Fowden et al., 2005) and kidney (Schreuder et al., 2006), in
support of an association between poor fetal environment and limit-
ations in development. Because the ovaries are also located in the
trunk section of the body and are related to these organs in the devel-
opment process, it is possible that the ovaries are prone to similar
effects (de Bruin et al., 2001). However, anatomical analyses of fetal
ovaries do not suggest that slow fetal growth is associated with
smaller follicle pool size or accelerated depletion (de Bruin et dl.,
1998, 2001). Previous papers have also found a relationship
between size at birth and other reproductive measures. For
example, small size at birth has been shown to be related to earlier
menarche (Cooper et al., 1996; Gluckman and Hanson, 2006), and
babies of low birthweight exhibit ovarian function suppression in
response to energetic stress (Jasienska et al., 2006).

Gestational diabetes has been shown to be related to increased
birthweight and fetal growth as well as adult outcomes, such as meta-
bolic syndrome and atherosclerosis (Vohr and Boney, 2008). It is
therefore possible that gestational diabetes could also explain the
relationship between characteristics at birth and early age at meno-
pause. However, because few mothers of our study members had
gestational diabetes (n < 10) (Thomas et al., 2007), it was not poss-
ible to investigate this pathway. Another possible explanation of our
findings concerning greater weight at birth and faster fetal growth is
that these characteristics could be related to exposure to elevated
hormonal levels in utero, which could also be associated with meno-
pausal age. Animal models have suggested that in utero levels of estro-
gen and other hormones may play a key role in regulating the
development of the ovary (Kezele and Skinner, 2003; Chen et dl.,
2007; Sotomayor-Zarate et al., 2008). Large size at birth is associated
with higher levels of maternal concentrations of estrogen (Troisi et al.,
2007). It is possible that large size at birth might indicate changes to
the ovary related to increased levels of hormonal exposure in utero,
as reflected by higher maternal concentrations. In addition, at the cel-
lular level, fast early growth may be related to shorter telomere length
or telomerase activity, which could affect the initial follicle pool size
during mitosis (Aydos et al., 2005) or meiosis (Bekaert et al., 2004;
Siderakis and Tarsounas, 2007) or rate of atresia (Yamagata et dl.,
2002). Further evidence is needed to clarify these hypothesized path-
ways. It is also possible that prenatal hormonal exposures might influ-
ence mechanisms acting later in life. For example, women who were

larger at birth were more likely to have higher estradiol concentrations
during adult menstrual cycling (Jasienska et al., 2006). Alternatively,
size at birth may be an indicator for other future characteristics that
implicate age at menopause.

Conclusions

There is evidence in the 1958 British birth cohort study of associations
between markers of fetal environment and age at menopause, with
women at the extremes of birthweight and women with higher birth-
weight standardized by gestational age, which indicates faster fetal
growth rate, more likely than other women to have experienced
menopause by age 44-45 years. Future studies are needed to
confirm our study findings and to focus on mechanisms during
ovarian development and later life that may explain these relationships.
As the study cohort ages, it will be possible to examine whether the
relationship with fetal environment is unique to early menopause or
also extends to the broader distribution of natural age at menopause.
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