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eritability of menopausal age in mothers
nd daughters

ristel M. van Asselt, M.D., Ph.D.,a,b,c Helen S. Kok, M.D., Ph.D.,a,b,c

eter L. Pearson, M.D., Ph.D.,c Judith S. Dubas, Ph.D.,d Petra H. M. Peeters, M.D.,
h.D.,a Egbert R. te Velde, M.D., Ph.D.,b and Paulus A. H. van Noord M.D., Ph.D.a

niversity Medical Center Utrecht, and Utrecht University, Utrecht, The Netherlands

bjective: To determine the heritability of age at natural menopause from mother-daughter pairs.

esign: Two-generation families were selected to study heritability of menopausal age.

etting: Subjects were drawn from a population-based study.

atient(s): One hundred sixty-four mother-daughter pairs with a natural menopausal age.

ntervention(s): None.

ain Outcome Measure(s): The heritability of age at natural menopause estimated by a random-effects model.

esult(s): A heritability of 44% (95% confidence interval, 36%, 50%) was estimated.

onclusion(s): This study confirms that heritable components largely determine the natural age at menopause.
easons for the differences between heritability estimates based on sibling pairs and parent-child comparisons
re discussed. (Fertil Steril� 2004;82:1348–51. ©2004 by American Society for Reproductive Medicine.)
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Population studies indicate that fecundity in
omen begins its steep decrease around age 35

1), which is about 15 years before the average
ge of menopause, which is around 50 years. This
nterval, from the onset of the decline in fertility
o menopause, as derived from population aver-
ges, appears to apply also to individual women
2). This start of the decrease in fertility cannot
yet) be measured directly. The genetic factors
nderlying menopausal age may be the same
enetic factors influencing the end of fertility.

The heritability of age at natural menopause,
hich is defined as the proportion of the popula-

ion variation attributable to genetic variation, has
reviously been estimated at 70% in sisters and
wins from an open Dutch population (3). In this
tudy, we carried out a mother-daughter compar-
son to estimate the heritability of menopausal
ge using essentially the same open Dutch pop-
lation used previously in a sister-sister compar-
son.

MATERIALS AND METHODS
Female participants were volunteers in the
iagnostisch Onderzoek Mammacarcinoom n
Diagnostic Investigation Mamma Cancer]
DOM) breast cancer screening project that
tarted in 1974 in the open population of the
rovince of Utrecht, The Netherlands (4).
others were selected among the women of

he oldest birth cohorts screened, that is, those
orn between 1911 and 1926. Daughters were
elected from the younger birth cohorts and
ere born between 1932 and 1946. All women
ave informed consent to use their data and
rine for future scientific research. The Institu-
ional Review Board of the University Medical
enter Utrecht, The Netherlands, approved the

tudy.

Probabilistic linkage was used to trace
other-daughter pairs based on information

rovided by the participants: date of birth of
he mother, date of birth of the children, birth
rder, and part of the (maiden) name, similar to
he way in which this information was docu-
ented and successfully applied before (3).

Natural menopause was defined as at least 1
ear of amenorrhea not due to surgery or other
bvious cause. Women had provided informa-
ion on whether their last menstruation was

atural or due to medical interventions. Most
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omen in the oldest cohorts were already postmenopausal
pon first screening. Members of the younger cohorts were
ither menopausal upon first screening or their natural meno-
ause was assessed in one of the following ways: in subse-
uent screening rounds, during participation in the Prospect-
PIC study between 1993 and 1997 (5), or through

ollow-up by filling out menstruation calendars. Only moth-
r-daughter sets, where both a mother and her daughter (the
ldest in case of more than one daughter) had had a natural
enopause were included in the analysis. To estimate heri-

ability by intraclass correlation, a random-effects model
sing maximum likelihood was applied in SPLUS. Paired
-tests on mean differences in ages at menopause between
he two mother-daughter groups were done.

RESULTS
Probabilistic linkage identification traced 164 actual mother-

aughter pairs in which both mother and daughter had experi-
nced a natural menopause. Actual mother-daughter compari-
ons showed a significant difference of 1 year in mean ages at
enopause (O � .022). This is illustrated by Figure 1, which

hows the distributions of menopausal age of the mother cohort
nd the daughter cohort.

The random-effects model resulted in an intraclass correla-
ion of 0.22, and since mothers and daughters share half of their
olymorphic alleles, the heritability was assumed to be 0.44
95% confidence interval [CI], 0.36, 0.50). The shared variance
as 3.8, and the nonshared variance was 13.8.

DISCUSSION
This study shows that the heritability of menopausal age

ased on mother-daughter pairs is 44% (95% CI, 36%, 50%)
nd confirms that age at natural menopause is also deter-
ined by “heritable” components. Both comparisons among

isters and twin-sisters as well as between mothers and
aughters found indications for genetic components.

The existence of genetic variance in menopausal age was
lready suggested by a case-control study (6) and a cross-
ectional study (7) in which early menopause tended to
luster in families. Former heritability studies of menopausal
ge of twins and siblings all showed substantial genetic
ariance (8–11).

Heritability estimates differ when estimates are based on
tudies including parent-offspring instead of siblings for
everal reasons. The shared variance is estimated by use of
amilial correlations. However, this shared variance consists
f the genetic contribution and common environmental fac-
ors that may influence the trait. Since many of the environ-
ental factors are unmeasured, or unknown, adjustments are

ot possible. The heritability is therefore overestimated if
any shared environmental factors are present. This would

ccur especially in siblings because they share a relatively

ore homogeneous environment, prenatally as well as post- b

ERTILITY & STERILITY�
atally, than parents and offspring who belong to two dif-
erent generations.

Furthermore, because heritability is expressed as a pro-
ortion of the total phenotypic variance, a substantially
maller environmental variance in the siblings compared
ith the mother-daughter comparison may also result in a

ower heritability estimate in studies of parent-offspring
12). It is argued, however, that the influence of environ-
ental factors on menopausal age is very limited; the ex-

lained variance by known environmental factors was only a
ew percent (13).

Moreover, studies among sister pairs cannot distin-
uish certain types of additive and nonadditive variances.
dditive effects of loci (the effects of loci when they act

ndependently) can be estimated in parent-offspring stud-
es because parents and offspring always have half of their
enes in common. However, siblings do not share exactly
0% of their genetic variance, but it is on average 50%.
his implies that siblings can share both or neither of the
arental alleles. The genetic variance in siblings therefore
lso includes dominance variance, which is the residual
enetic variance when both alleles interact on the same
ocus. Parent-offspring variance has no dominance vari-
nce, and therefore the total genetic variance is lower
ompared with siblings.

On average, the daughters experienced menopause 1 year
arlier than their mothers, which might be explained by
everal mechanisms. First, an incomplete follow-up of the
aughter group may have resulted in a deficiency of daugh-
ers in the later menopausal age range. The histogram shows

stronger left skewing of the daughters compared with the
others, indicating that this might be a cause of the lower
ean menopausal age of the daughters. Second, left censor-

ng may differ between mothers and daughters, that is,
omen with an extremely early menopause are less likely to
ive birth. Among mothers, women were included only if
hey had a daughter. Women with extremely early meno-
ausal ages may be underrepresented in the group of moth-
rs. This selection had not occurred for the daughters. Ex-
luding mother-daughter pairs in which the daughter was
ulliparous changes the mean menopausal age of the daugh-
ers from 48.8 to 49.2. Third, environmental factors that
nfluence age at menopause may have changed over time and
ay have therefore affected the menopausal age between

irth cohorts. Such factors may be smoking, the average
umber of births, being overweight, and the use of oral
ontraceptives. Secular trends in age at menopause have
een investigated, but the results are not consistent. How-
ver, if there is a trend, it would be a later age at menopause
nstead of a decreasing age (14–16).

An underlying assumption of heritability estimates re-
ates to the assumption that the genetic variation is inher-
ted in a Mendelian fashion with half of the variation

eing paternally derived and the other half maternally. It
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s possible that variation in the mitochondrial genome,
hich is entirely maternally inherited, may also contrib-
te. However, there are no examples of proven mitochon-
rial disorders that have premature female infertility as a

F I G U R E 1

istribution of menopausal age of mothers and daughters.

an Asselt. Heritability of menopausal age. Fertil Steril 2004.
eature, making it unlikely that the mitochondria play a s

350 van Asselt et al. Heritability of menopausal age
ignificant role in familial transmission of reproductive
eatures such as age at menopause.

However, mitochondria may play a role in fertility, as was

uggested by Cohen et al., who found that ooplasm donation

Vol. 82, No. 5, November 2004
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ith young donor-mother mtDNA was shown to revitalize
ess fit oocytes before conception (17).

Maternal chronological age determines the chance of
ecoming pregnant, of giving birth to a healthy child, and of
iscarrying. However, studies demonstrate that there is a

reat variation in the rate of ovarian aging in women; there-
ore menopausal age may be a far better predictor of female
eproductive performance than chronological age (2).

Unraveling the genetic determinants involved in meno-
ausal age potentially opens the way to identify which
omen are at risk of premature ovarian aging and who can

fford delaying having their families without fear of infer-
ility. Since (genetic) tests are lacking to predict the age at
enopause, an important indication may be family history

n menopausal age.
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