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Objective: The objective of this study was to determine the influence
of birth weight and postnatal weight gain on age at menarche.

Design, Setting, and Participants: This was a prospective cohort
study where girls from the West Australian Pregnancy (Raine) Cohort
Study were followed prospectively from fetal life (18 wk of pregnancy)
to adolescence (12—14 yr).

Main Outcome Measure: Age at menarche was the main outcome
measure.

Results: Growth status at birth was judged by expected birth weight
ratio (EBW; a ratio of observed infant’s birth weight over median birth
weight appropriate for maternal age, weight, height, parity, infant

sex, and gestational age). Postnatal growth status was judged by body
mass index (BMI). Both EBW (P = 0.020) and BMI in childhood (8 yr
of age) (P < 0.001) were associated with age at menarche. Menarche
occurred earlier in girls with lower EBW and higher BMI.

Conclusions: We have demonstrated for the first time that both birth
weight and weight gain in childhood are associated with age at men-
arche. Weight gain before birth and subsequent weight gain up to the
age of 8 yr were found to have opposing influences on the timing of
menarche. Lower EBW combined with higher BMI during childhood
predicted early age at menarche, and this relationship existed across
normal birth weight and BMI ranges. (J Clin Endocrinol Metab 92:
46-50, 2007)

IT IS WELL known that many diseases presenting in ad-

olescence and adulthood have early developmental or-
igins. There is increasing evidence suggesting that it is highly
likely that reproductive health (menarche, menstrual disor-
der, polycystic ovarian syndrome) may also be determined
by early events (1). Human studies investigating the devel-
opmental origins of health and disease have used birth
weight as a surrogate marker of developmental influences.
The relationship between birth weight and age at menarche
has been controversial, and mechanisms regulating this as-
sociation are unclear. In girls, low birth weight followed by
spontaneous catch-up growth has been associated with ear-
lier menarche (2, 3), with reduced ovarian size (4), with
reduced ovulation rate (5), and with ovarian hyperandro-
genism after precocious pubarche (6). Opposing influences of
prenatal and postnatal growth have previously been de-
scribed for adrenarche (7), central fat distribution (8), and
insulin sensitivity at age 8 yr (9).

Menarche, the first menstrual period, occurs between
12-13 yr of age in most developed countries (10) and is the
first indicator of reproductive capacity in women. Age at
menarche is known to be regulated by factors surrounding
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Abbreviations: BMI, Body mass index; CI, confidence interval; EBW,
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the time of puberty, such as adiposity. A minimum body fat
mass is required to achieve menarche, and an increased body
fat mass is associated with earlier puberty and menarche (11).
Childhood obesity is associated with earlier menarche (12)
and an increased risk of polycystic ovarian syndrome (13).
Compensatory postnatal growth during childhood com-
bined with poor prenatal growth appears to accentuate sev-
eral adverse health outcomes (14). Knowledge of factors reg-
ulating the age of menarche is likely to improve our
understanding of female reproductive health. Early men-
arche is a risk factor for teenage depression (15), insulin
resistance (9), and breast cancer in adulthood (16).

The contribution of events during intrauterine and post-
natal life on age of menarche in the normal population is
poorly understood due to a lack of large prospective cohorts.
The Western Australian Pregnancy Cohort (Raine) Study
provides unique data to examine the relationship between
birth weight and weight gain during childhood to age at
menarche.

Subjects and Methods
The Western Australian Pregnancy Cohort (Raine) Study

The Raine Study is an ongoing prospective study originally estab-
lished to investigate how events during pregnancy and at the time of
birth subsequently influence health. This study is one of the largest
prospective cohorts of pregnancy, childhood, and now adolescence to be
carried out anywhere in the world. In 1989-91, 2900 women were en-
rolled at 18 wk of pregnancy and their children have been closely
followed throughout childhood (http://www.rainestudy.org.au; Fig. 1;
Ref. 17).
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Pregnant women
enrolled in study (2900)

Children eligible for
follow-up (2868)

Boys Girls (1405)
Not relevant to 3
present study g

Physical examinations
at 8 years of age (951)

Questionnaire
not returned (582)

Questionnaires
returned (369)

Physical data
available (427)

Menarche data
available (349)

Physical and menarche
data (776)

Fia. 1. The West Australian Pregnancy (Raine) Cohort Study par-
ticipant flow chart is shown. Sample size at each level is depicted in
parentheses.

Data collected during pregnancy, birth, childhood,
and adolescence

Detailed ultrasound fetal growth records were collected during preg-
nancy as well as extensive maternal clinical data including height,
weight, age, and smoking status. Extensive neonatal data were collected
including anthropometric measures, weight, length, head circumfer-
ence, mid-arm, chest, and abdominal circumference; and skin-fold mea-
sures (triceps, suprailiac, subscapular, abdominal). This is an ongoing
study that includes childhood follow-up (1, 2, 3,5, 8, 10, and 13 yr of age)
when detailed anthropomorphic measures were made (see aforemen-
tioned neonatal data). Age at menarche was reported prospectively
using a purpose-designed questionnaire (18).

Statistical analyses

Continuous data were summarized using medians, interquartile (IQ)
ranges, and ranges. Categorical data were summarized using frequency
distributions. Kaplan-Meier survival probabilities were used to estimate
the probability of reaching menarche. Multivariable Cox regression anal-

TABLE 1. Age at menarche: stratified by EBW and BMI at 8 yr of age
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ysis was performed to evaluate associations between fetal and postnatal
growth and age of menarche. Covariate effects were summarized using
hazard ratios (HR) and 95% confidence intervals (CI). Fetal growth was
summarized using expected birth weight ratio (EBW; a ratio of observed
birth weight over median birth weight appropriate for maternal height,
sex, nulliparity, and gestational age). Intrauterine growth restriction was
defined as EBW less than 10th percentile. Maternal and pregnancy
characteristics and growth data collected up to 8 yr of age were also
considered as candidate predictors of age at menarche. Postnatal growth
was expressed as body mass index (BMI). Overweight/obesity was
defined using BMI and age appropriate cutoffs (19). For those girls who
did not return the puberty questionnaire, the age at last follow-up was
used for statistical analysis and menarche information was censored.
Anthropometric measurements considered as candidate predictors of
age at menarche were restricted to those collected up to 8 yr of age
because of the requirement that these measurements must precede the
earliest age at menarche for all girls in the study. SPSS (SPSS version 11.0;
Chicago, IL) statistical software was used for data analyses.

Results

Data are presented on 776 girls from the cohort, of whom
349 had reached menarche. The median age of menarche in
these 349 girls was 13.0 yr (IQ range 12.2-14.2; range 9.4—
14.6). The median age of girls who had not reached menarche
yet was 10.6 yr (IQ range 10.5-13.7; range 10.1-14.3). The
median EBW was 1.0 (IQ range 0.93-1.09; range 0.56-1.42).
Ninety-one girls (10.5%) were growth restricted at birth as
defined previously. EBW predicted age at menarche (P =
0.020) and girls with an EBW below the median had a sig-
nificantly earlier menarche compared with girls with an EBW
above the median (HR 1.29, 95% CI 1.04-1.59, P < 0.001).

BMI at age 8 yr was independently predictive of age at
menarche (P < 0.001). BMI at ages 1, 3, and 5 yr was not
associated with age at menarche. Median BMI at age 8 was
16.3 (IQ range 15.2-18.0; range 12.2-31.3), and 81 girls (10.4%)
were overweight or obese at 8 yr of age. Eight-year-old girls
with a BMI above the median had significantly earlier men-
arche compared with those with BMI below the median (HR
1.65, 95% CI 1.33-2.05, P < 0.001). Although no statistically
significant interaction between EBW and BMI at 8 yr of age
was found (P = 0.699), the earliest age at menarche was seen
in girls with the lowest EBW and highest BMI (Table 1). Of
this group, 71% of girls reached menarche by 13.0 yr (Fig. 2);
compared with only 42% of girls who had EBW above the
median and BMI (8 yr) below the median. The ranges of age
at menarche according to EBW and BMI at 8 yr of age are
shown in Table 1.

The following maternal factors were not associated with
age at menarche: 1) age, 2) prepregnancy BMI, 3) weight gain
during pregnancy, and 4) hypertension and smoking in preg-
nancy. The following fetal/neonatal factors were not asso-
ciated with age at menarche: 1) estimated fetal weight (mea-

Girls who reached

EBW and BMI subgroup Cohort total n menarche Med(1 ar; age 1Q range Range
n % of total r
EBW < 1 and BMI = 16.3 231 120 52 12.5 12.1-13.2 9.4-14.4
EBW = 1 and BMI = 16.3 306 142 46 12.8 12.2-13.6 9.8-14.6
EBW < 1 and BMI < 16.3 127 54 43 13.0 12.6-14.2 10.6-14.6
EBW = 1 and BMI < 16.3 112 33 29 13.2 12.8-14.4 11.0-14.2
Total 776 349

n, Sample size; EBW and BMI are illustrated as less than (<) or greater than/equal to (=) the median value for the whole cohort.
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Fic. 2. Kaplan-Meier survival curve demonstrating the relationship
between EBW and BMI categorized according to their median values
in adolescent girls and age at menarche.

sured by ultrasound) at 18, 24, and 28 wk of pregnancy; 2)
head circumference, chest circumference, mid-arm circum-
ference, abdominal circumference, and skin-fold thickness;
and 3) height atage 1, 2, 3, and 5 yr. Height at 8 yr of age was
associated with age at menarche in the univariate analysis,
but was not significant when EBW and BMI at 8 yr of age
were also considered.

Discussion

Menarche marks the beginning of reproductive life. It is
known to be regulated by childhood events, although mech-
anisms are poorly understood. Our most significant finding
is thatboth low EBW and high BMI at age 8 yr predicted early
age at menarche and that these factors were additive. This
combination of low birth weight with accelerated postnatal
growth is known to be associated with increased risk of later
disease such as diabetes, hypertension, and cardiovascular
disease (14). Furthermore, low birth weight and early men-
arche have been shown to be risk factors for subsequent
glucose intolerance in women with polycystic ovarian syn-
drome (20).

The mechanisms by which intrauterine and childhood
growth regulate age at menarche are likely to be multifac-
torial. The association between BMI and age at menarche has
been established previously as a relationship between adi-
posity and gonadotrophin secretion (21). Low birth weight
and rapid weight gain or growth during childhood are in-
dependently associated with the occurrence of overweight
and obesity later in life (22, 23). Recently, Ibanez et al. (24)
have shown that between the ages of 2—-4 yr, small-for-ges-
tational-age (SGA) children gained more abdominal fat and
body adiposity and less lean muscle mass than children born
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of appropriate size for gestational age. In this study, SGA
children developed insulin resistance by the age of 4 yr (24),
consistent with previous reports suggesting that regulation
of insulin sensitivity is altered in growth-restricted infants
(25).

It has been proposed that the mechanism linking weight
gain, adiposity, and early pubertal maturation may not be
fat/adiposity but hyperinsulinemia and insulin resistance
(26). Indeed, the highest incidence of insulin resistance, high
plasma total, and low-density lipoprotein cholesterol and
fasting insulin levels, were observed in children who had
been of low birth weight and at 8 yr of age were of high fat
mass and height (9). Ibanez et al. (27) have demonstrated that
insulin sensitization with metformin decreased circulating
leptin and IGF-Ilevels in low-birth-weight girls and resulted
in a delay of menarchal onset by 1 yr. Therefore, it is highly
likely that a disruption of the adipo-insular axis regulates the
association between early growth restriction, postnatal adi-
posity, and pubertal development.

In the present study, we have shown that girls with BMI
above the median at age 8 demonstrated earlier menarche
than those girls with BMI below the median at this age. The
earliest age at menarche occurred in girls who were born
with an EBW below the median combined with postnatal
BMI above the median. Koziel and Jankowska (28) demon-
strated that SGA girls who achieved high BMI values at age
14 reached menarche significantly earlier than those girls that
were born of average weight for gestational age. Adiposity
is regulated by (neuro) endocrine factors such as leptin. As
such, the hypothalamic-leptinergic pathway plays a key role
in appetite, body fat mass, insulin regulation, and ovarian
regulation and may regulate the onset of puberty (1). Leptin
levels have been shown to be related inversely to age at
menarche, and a gain in body fat of 1 kg lowers the mean time
of menarche by 13 d (29). An alteration in leptin regulation
is likely to be a contributing mechanism regulating adiposity
and age at menarche. Indeed, peripheral leptin resistance is
associated with fetal growth restriction and has been sug-
gested to contribute to increases in plasma insulin levels and
increased adiposity (30).

Our findings are consistent with those from smaller pro-
spective studies of low-birth-weight girls that have demon-
strated associations between low birth weight and exagger-
ated adrenarche, precocious pubarche, hyperinsulinemia,
and ovarian hyperandrogenism and ovulatory dysfunction
(5, 31). Our data, together with those previously reported
suggest that the association between intrauterine and post-
natal growth and age at menarche can be extended to en-
compass the entire birth weight range, rather than strictly
looking at a growth-restricted population. Growth restriction
is customarily defined as less than the 10th percentile of
weight for gestational age or two sbs below the mean. In the
present study, by employing the ratio of the observed to the
EBW, growth was considered as a continuous variable al-
lowing greater precision in the analysis of any association of
age at menarche with growth. Therefore, known factors as-
sociated with birth weight, including maternal age, height,
parity, infant sex, and gestation age were accounted for when
the association between EBW and age at menarche was de-
termined. One further advantage in our study is that it re-
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ports on age of menarche in an adolescent cohort from a
geographically defined population. The median age at men-
arche in our cohort is consistent with those previously re-
ported in the literature (10).

This study is not without limitations. Age at menarche was
ascertained prospectively from a questionnaire. The possi-
bility that menarchal information was not provided by some
girls who reached menarche is a potential source of bias. Our
statistical analysis that censored subjects who did not report
age at menarche at the time of analysis minimized the effects
of underreporting. Furthermore, it is likely that growth tra-
jectories during childhood are also related to reproductive
development and the subsequent onset of menarche. At this
time, due to sample size limitations, we have assessed child-
hood growth at specific time points. As a higher proportion
of the girls in the cohort reach menarche, growth trajectory
analyses spanning antenatal and postnatal periods up to 8 yr
of age will become possible.

It is generally accepted that the original observations re-
lating birth size to later risk of disease were not causal but
were markers for early life adaptations to developmental
events. These adaptations can interact with a dynamic post-
natal environment influencing physiology and health. Life
history perspectives have been used to interpret the associ-
ation between poor fetal growth, accelerated childhood
weight gain, and age at menarche/puberty (1). It has been
proposed that fetal growth restriction, as a consequence of
impaired intrauterine conditions, is one component of life
history strategy where the organism predicts a shorter life
and invests less into growth (1). Early age at menarche (or
puberty) may be the interaction of the prenatal influence to
advance menarche under poor conditions and the childhood
influence to advance menarche under enriched conditions
where both events are designed to advance menarche/pu-
berty. This phenomenon has been demonstrated in popula-
tions migrating from a poor developing country to a devel-
oped country, primarily through international adoption (for
review, see Ref. 32). This evidence is consistent with an
interaction (and possible conflict) between the prenatal en-
vironment and postnatal reality, resulting in significant
changes in maturation and, in this case, age at menarche (1).

In conclusion, early age at menarche may be a marker for
early life events regulating reproductive, endocrine, and
metabolic development that may manifest later in life as
polycystic ovarian syndrome, the metabolic syndrome, and
potentially breast cancer. Our findings provide further evi-
dence that birth weight (EBW) and childhood overweight
may potentially compromise reproductive health in women.
Understanding factors determining age at menarche and
pinpointing those individuals at risk for these diseases early
in life may result in novel interventions or preventative strat-
egies relevant to common diseases of adulthood.
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