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Abstract

Background: Sexual development begins in utero and enters a dormant phase during infancy. The influence of
maternal gestational weight gain (GWG) on daughter’s age at menarche has not been explored.
Methods: We investigated the association between maternal GWG and age at menarche (< 11 years, 11–15 years,
> 15 years of age) in a large cohort study of U.S. nurses, The Nurses’ Health Study II (NHS II), and the Nurses’
Mothers’ Cohort Study.
Results: Among 32,218 respondents, 7% reported age at menarche < l1, 90% aged 11–15 years, and 3% > age 15.
Compared with women whose mothers gained 20–29 lbs during pregnancy, those whose mothers reported
< 10 lbs or > 40 lbs of GWG were 30% more likely to report early onset menarche (< 11 years of age) in logistic
regression models adjusted for sociodemographic and maternal characteristics, and childhood body size and
physical activity: adjusted odds ratio (OR) 1.31, 95% confidence interval (CI) 1.05-1.62, and 1.27, 95% CI 1.06-
1.56. Maternal GWG was not associated with late menarche in the fully adjusted model ( ptrend = 0.07).
Conclusions: These results suggest that either extreme of maternal GWG may influence risk for early age at
menarche in daughters. Maternal GWG may be a modifiable risk factor for early menarche.

Introduction

E
arly life exposures may contribute to early onset of
puberty1,2 and age at menarche3–6 among girls. Sexual

development commences in utero and extends through early
infancy before entering a quiescent phase.7,8 A number of
prenatal exposures have been associated with earlier age at
menarche, including organochlorine exposure,9 maternal
cigarette smoking,10 greater tea intake,11and lower physical
activity during pregnancy.12 These early life precursors to
puberty may, in part, operate through influences on sex hor-
mone production by the hypothalamic-pituitary-gonadal
(HPG) axis. Increasing evidence points to the influence of
prenatal and postnatal growth, including birth weight,13,14

childhood weight gain,4,15,16 and body composition,17,18 on
age at menarche. Either inadequate or excessive maternal
gestational weight gain (GWG) may directly influence peri-

natal programming of offspring’s endocrine functioning
through disruption of the fetal hormonal milieu19,20 and in-
directly through prematurity,21 low or high birth weight,22

lean body mass,23 and risk for childhood overweight and
obesity.24

Maternal GWG has been directly associated with insulin
concentrations in infancy, explaining nearly 60% of the vari-
ance in these values25; cord blood insulin in macrosomic ne-
onates26; and neonatal metabolic abnormalities (including
hypoglycemia, hypomagnesemia, and hypocalcemia)27 akin
to maternal overweight/obesity.28 One plausible mechanism
linking low birth weight or preterm birth and early age at
menarche is insulin resistance and hyperinsulinemia.29,30

Hyperinsulinism, which is associated with altered adrenal
functioning and elevated levels of androgens, has been linked
to both restricted prenatal growth and premature pub-
arche.30–33
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Improved understanding of the contribution of intrauterine
factors to age at menarche may play a salient role in ad-
vancing women’s health. Early menarche (< 11 years) is as-
sociated with risk for metabolic dysfunction, including
glucose intolerance, polycystic ovarian syndrome (PCOS),
and insulin resistance,34 breast cancer,35–37 early sexual ac-
tivity and teenage pregnancy, depression,38 and poorer school
performance.39,40 In a retrospective cohort study of mothers
who delivered nurse daughters who are members of the
Nurses’ Health Study, we analyzed the association between
maternal GWG and age at menarche using linked maternal-
daughter data. We hypothesize that excessive or inadequate
maternal GWG may accelerate timing of menarche.

Materials and Methods

Sample

Participants included women in the Nurses’ Health Study II
(NHS II) whose mothers also participated in the Nurses’ Mo-
thers’ Cohort Study. The NHS II is an ongoing prospective
cohort study started in 1989 with a representative sample of
116,678 registered female nurses born between 1946 and 1965.
The Nurses’Mothers’ Cohort Studywas launched in 2001with
a mail survey to the mothers of NHS I and NHS II participants
whosemotherswere alive andwho did not have a diagnosis of
cancer (excluding nonmelanoma skin cancer) (n= 52,166) in
2000. Details of the prenatal and childhood environment of the

Table 1. Distribution of Nurse’s Health Study II Participant Characteristics

by Maternal Gestational Weight Gain (n = 32,218)

Maternal gestational weight gain (lbs)

Covariates < 10 10–14 15–19 20–29 30–39 ‡ 40

n (%) 1142 (4) 3,615 (11) 6,776 (21) 13,542 (42) 5,477 (17) 1,666 (5)
Age at menarche, mean (SD) 12.3 (1.5) 12.4 (1.4) 12.5 (1.4) 12.5 (1.4) 12.4 (1.4) 12.4 (1.4)
Participant characteristics
Age in 1989 in years, mean (SD) 33.9 (4.8) 34 (4.7) 33.7 (4.6) 33.5 (4.6) 33.7 (4.6) 33.9 (4.7)
BMI (kg/m2) in 1989, mean (SD) 25 (5) 24 (5) 23 (4) 23 (5) 24 (5) 25 (5)
Race/ethnicity, %
White 94 95 95 95 95 95
Black 0.5 0.5 0.5 0.6 0.5 0.7
Hispanic 2 1 1 1 1 1
Asian 1 1 1 0.5 0.5 0.3

Prenatal factors, mean (SD)
Birth weight, kg 2.8 (0.6) 3.5 (0.6) 3.5 (0.6) 3.5 (0.6) 3.5 (0.6) 3.5 (0.6)
Gestational age, weeks

< 38 17 15 12 9 8 9
‡ 38–42 67 68 71 73 72 69
> 42 8 6 6 7 9 12

Maternal usual prepregnancy weight, lbs 132 (25) 124 (17) 124 (16) 125 (15) 126 (17) 125 (18)
Maternal height, ft 5.4 (0.2) 5.4 (0.2) 5.4 (0.2) 5.4 (0.2) 5.4 (0.2) 5.4 (0.2)
Paternal height, ft 5.8 (0.2) 5.8 (0.2) 5.9 (0.2) 5.9 (0.2) 5.9 (0.2) 5.9 (0.2)
Maternal age at participant’s birth, years 26.4 (5) 26.9 (5) 26.6 (5) 26.3 (5) 25.5 (5) 24 (4.5)
Maternal activity during pregnancy
Mostly sitting 5 3 3 2 3 5
Mostly standing/walking 18 16 15 17 19 22
Active housework 75 79 80 78 75 71
Heavy manual work 2 3 2 3 3 2

Child household characteristics
Parental education, %

£ High school 48 44 43 45 49 44
College, graduate school 52 56 57 55 50 57

Childhood health behaviors
Child body size at age 5, %
Somatogram picture 1 23 24 23 22 21 21
Somatogram picture 2 34 32 34 34 32 31
Somatogram picture 3 23 25 26 26 25 24
Somatogram picture ‡ 4 19 19 17 19 22 24

Childhood physical activity, %
Highly active 31 31 30 29 29 31
Active 63 65 66 67 66 63
Mostly inactive/Inactive 5 4 4 4 4 6

Childhood sedentary behaviors, %
No TV 7 7 7 6 6 4
TV½–2 hours/day 79 80 80 80 77 76
TV > 2 hours/day 14 13 13 15 17 20

BMI, body mass index; SD, standard deviation.
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nurse participants were reported by the mothers. The response
rate of the mothers was 75.6% (n= 39,904), of which 35,794
nurse daughters were members of the NHS II. Information
from themothers’ questionnairewasmergedwith longitudinal
data provided by the nurse participants; however, those who
were missing data on maternal weight gain during pregnancy
(n= 2,909) or age at menarche (n= 107) or who were members
of a twin gestation (n= 560) were excluded, leaving 32,218
mother-daughter dyads for analysis. The study was approved
by the Institutional Review Board at Brigham and Women’s
Hospital and the National Cancer Institute.

Assessment of exposure and outcome

GWG was reported by the mother from a single item on
weight gained during pregnancy, with categorical responses
of < 10 lbs, 10–14 lbs, 15–19 lbs, 20–29 lbs, 30–40 lbs, > 40 lbs,
or unknown. In another study population, maternal recall of
GWG 30 years after delivery had a Spearman correlation of
0.42 with medical prenatal care and delivery records.41Age at
menarche was reported by the nurse daughter on the baseline
NHS II survey in 1989 from a single question with categorical
responses of age £ 9 (n= 535, 1.7%), 10 (n= 1741, 5.4%), 11
(n = 5272, 16.4%), 12 (n= 9809, 30.5%), 13 (n= 8988, 27.9%), 14
(n = 3470, 10.8%), 15 (n = 1372, 4.3%), 16 (n = 795, 2.5%),
17 + (n= 236, 0.7%), or unknown.

We categorized early menarche as those who reported
menarche at < 11 years and late menarche as those who re-
ported menarche at > 15 years and compared each with
menarche from ages 11–15 years. As the definitions of early
and late menarche are subjective, we used categorizations
that have been used in other studies of menarche and breast
cancer risk.42

Statistical analysis

Multivariable logistic regression models were computed to
estimate the odds ratios (OR) after adjustment for factors as-
sociated with age at menarche using the SAS PROC LOGIS-
TIC procedure (SAS Institute, 1991). The early menarche
analyses contrasted menarche < 11 years to menarche 11–15
years, and the late menarche analyses compared menarche
> 15 years to menarche 11–15 years. Known predictors of age
at menarche and strong potential covariates were included in
models a priori based on biological plausibility, including age
of nurse at baseline in 1989 (years) (surrogate for birth cohort),
race/ethnicity (Asian, black, Latina, white, other), maternal
age at nurse’s birth (years), maternal height (feet), paternal
height (feet), maternal usual prepregnancy weight (lbs), and
socioeconomic status (SES) in childhood based on the highest
parental educational attainment at participant’s birth (high
school graduate or less vs. any advanced education).

We used bivariate regression to explore possible associations
of potential confounders with GWG and age at menarche. The
following met the criteria for inclusion ( p< 0.10) in our final
multivariable model: nurse’s birth weight (lbs), gestational age
(< 38, 38–42, > 42 weeks), maternal physical activity during
pregnancy (mostly sitting, mostly walking, active housework,
heavy manual work), maternal gestational comorbidities (di-
abetes, hypertension, preeclampsia, urinary tract infection, in-
sulin use during pregnancy; any vs. none), nurse’s body shape
at age 5 years using somatogram classification scale ranging
from 1 to 9 (we grouped the highest categories to create four
levels: 1,smallest, 2, 3, ‡ 4, largest), maternal-reported physical
activity (highly active, active, mostly inactive/inactive) of the
nurse daughter at age 5 years; and television viewing of the
nurse daughter at age 5 years (none, ½–2 hours/day, > 2

FIG. 1. Cubic spline for
maternal gestational weight
gain (GWG) predicting risk
for early menarche, control-
ling for age, daughter’s race/
ethnicity, birth weight, gesta-
tional age, maternal pre-
pregnancy weight, maternal
height, paternal height, ma-
ternal age at daughter’s birth,
parental education, maternal
activity in pregnancy, child
body size at age 5 years,
childhood physical activity,
television viewing. Solid line
represents the estimate, and
dashed lines represent the
95% confidence interval (CI).
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hours/day). The validity of remote recall of childhood body
size using somatograms has been found to be reasonably ac-
curate in several studies.43–46 In one study, the Pearson corre-
lation between remote recall of body size at age 5 and body
mass index (BMI)was 0.60.45An indicator formissing datawas
created for each variable to preserve sample size.

We tested nonlinear relations between maternal GWG and
early and late menarche using cubic splines.47 Generalized
cross-validation was used to determine the degree of
smoothing of spline plots. To assess linearity of the maternal
GWG and menarche associations, we compared models with
the smoothed maternal GWG term to models with the linear
maternal GWG for early and late menarche separately using
the likelihood ratio test. For models with evidence of linear
associations, a continuous linear term was used in adjusted
regression models to examine the trend. For models with
evidence of a nonlinear association, categorical indicator
variables were used in adjusted regression models. Multi-
variable logistic regression models were fit using categorical
terms for maternal GWG because of the nonlinear association.
We conducted likelihood ratio tests comparing models with
and without interactions between maternal gestation weight
gain and age (< 34 vs. ‡ 34 years) at baseline. The criterion for
statistical significance was a 2-sided p value of < 0.05.

Results

Of the 32,218 participants, the majority (90%) reported age
at menarche at 11–15 years, while 7% experienced menarche
< age 11 (n= 2,317), and 3% reported onset of menarche > age
15 years (n = 1,048) (Table 1). Black andHispanic womenwere
more likely to report early menarche than Caucasian women:
12%, 12%, and 7%, respectively. Lower parental education,
maternal physical inactivity in pregnancy, and larger body
somatogram at age 5 years were also associated with early
menarche. Women whose mothers reported the least GWG
(< 10 lbs) tended to weigh less at birth and have mothers of
higher prepregnancy weight (Table 1). Women whose moth-
ers reported the highest GWG (> 40 lbs) were more likely to
endorse the highest body somatagram at age 5 (24% vs. 19%)
and watch > 2 hours/day of television at age 5 (20% vs. 14%)
( p< 0.05).

Maternal GWG and early menarche

Using cubic spline models for maternal GWG, we observed
a nonlinear (U-shaped) association between maternal GWG
and risk for early menarche ( p = 0.0032). A better fit with the
cubic spline term was confirmed in comparison of the spline
model to a model using the linear term (likelihood ratio test,
p = 0.0059). As demonstrated by the smoothed plot (Fig. 1),
risk for early menarche increases at both extremes of maternal
GWG. Notably, maternal GWG of 16–25 lbs was associated
with a trend toward lower risk for early menarche (Fig. 1),
although this was not statistically significant.

As seen in Table 2,Model 1, womenwhosemothers had the
lowest (< 10 lbs) or highest (> 40 lbs) GWGwere more likely to
experience menarche before age 11 than those whose mothers
gained 20–29 lbs during pregnancy: adjusted ORs were 1.45,
95% CI 1.18-1.79, and 1.32, 95% CI 1.10-1.58, for GWG of
< 10 lbs and > 40 lbs, respectively. Women whose mothers
gained intermediate amounts of weight, 10–14 lbs, 15–19 lbs,
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or 30–40 lbs, were not at significantly increased risk of early
menarche. The observed association between maternal GWG
and daughter’s age at menarche was modestly attenuated by
including sociodemographics, maternal prepregnancy
weight, age at daughter’s birth, parental height, and birth
weight and gestational age (see Model 2) and further atten-
uated when maternal activity during pregnancy, childhood
body size at age 5, physical activity, and television viewing
were included in Model 3; ORs were 1.31, 95% CI 1.05-1.62,
and 1.27, 95% CI 1.06-1.54, for gestational weight gains of
< 10 lbs and > 40 lbs, respectively.

Maternal GWG and late menarche

We did not find evidence of a nonlinear association be-
tween maternal GWG and late onset menarche in models
using cubic splines ( p = 0.54). Comparison of models with
cubic spline terms and linear terms confirmed a superior fit
with the linear term ( p= 0.04). Figure 2 demonstrates the
linear association between maternal GWG and risk for late
onset menarche.

As demonstrated in Table 2, womenwhose mothers gained
15–19 lbs during pregnancy were 17% more likely to experi-
ence menarche > age 15 compared to women whose mothers
reported gestational weight gain of 20–29 lbs in the age-
adjusted model. After adjusting for confounders (including
maternal age, prepregnancy weight, parental height, educa-
tion, race/ethnicity, birth weight, gestational age, maternal
activity, childhood body size, physical activity, and television
viewing), the observed association between maternal GWG
and menarche > 15 years was no longer statistically signifi-
cant: adjusted OR 1.16, 95% CI 0.98-1.36 (Table 2). As GWG
increased, the odds of late menarche in the daughter de-
creased (test for trend, p = 0.04) in the partially adjustedmodel

but was no longer statistically significant ( p = 0.07) in the fully
adjusted models.

We repeated all analyses using less stringent criteria, cate-
gorizing age at menarche as < 12 vs. ‡ 12 years (as 12 years is
the median age at menarche in our cohort) and found essen-
tially similar associations (results not shown). We performed
sensitivity analyses to evaluate cohort effects by participant’s
age (assessed as < 34 vs. ‡ 34 years) and found no evidence of
effect modification between maternal GWG and age at base-
line ( pinteraction = 0.53 and 0.44 for models predicting early and
late menarche, respectively). Finally, we compared analyses
including those with missing covariate data to those with
complete data, and results were essentially unchanged.

Discussion

In this study of U.S. nurses and their mothers, we found a
U-shaped association between maternal GWG and early
menarche in daughters but no significant association with late
age at menarche. Risk for early menarche was particularly
elevated among daughters exposed to extremes of maternal
GWG < 10 lbs or 40 + lbs. This association persisted when
controlling for covariates associated with both GWG and age
at menarche.

Our findings are consistent with prior studies documenting
associations between prenatal characteristics,1 intrauterine
growth parameters, and maternal nutrition and risk for earlier
menarche.14 However, our findings differ from those of Terry
et al.48whodid not find an association betweenmaternal GWG
and daughter’s age at menarche in a similarly aged cohort of
262 women. The association between maternal GWG and age
at menarche may operate through several pathways. First,
maternal GWGmay be associated with exposure to endocrine
factors that influence rate of sexual maturation. Maternal

FIG. 2. Linear model for
maternal GWG and risk for
late menarche, controlling for
age, daughter’s race/ethnic-
ity, birth weight, gestational
age, maternal prepregnancy
weight, maternal height, pa-
ternal height, maternal age at
daughter’s birth, parental
education, maternal activity
in pregnancy, child body size
at age 5 years, childhood
physical activity, television
viewing. Solid line represents
the estimate, and dashed
lines represent the 95% CI.
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plasma leptin level has been associated with GWG,49 fetal
growth,50 and insulin resistance in utero.28 Second, maternal
GWG may influence fetal metabolism and increase risk for
insulin resistance, childhood obesity, or rapid weight gain and
thereby influence pubertal timing. Relatively higherGWGmay
reduce insulin sensitivity and causes a hyperglycemic state that
may increase placental lactogen, which promotes b-cell repli-
cation and thereby elevates risk for fetal hyperinsulinemia.51

Stuebe et al.52 have documented an association between
extremes of GWG and adolescent and adult obesity in off-
spring. In our study, birthweight and gestational age appear to
attenuate associations between maternal GWG and daughter’s
age at menarche, suggesting they are on the causal pathway. It
is plausible that maternal GWG and daughter’s age at men-
arche may be associated because of shared genetic determi-
nants or lifestyle factors. We adjust for maternal activity,
childhood activity, sedentary behaviors, and body size in our
analysis of the association between maternal GWG and early
menarche. Clearly, biologically plausible mechanisms, which
should be investigated in future studies, include epigenetic
modifications or fetal metabolic programming in utero.

There are several notable limitations. First, age at menarche
was reported by the nurses retrospectively. Although studies
of the validity of self-reported age atmenarche retrospectively
are inconsistent,43,53 we have found that age at menarche is
consistently associated with breast cancer risk and is pre-
dicted by childhood body size in this cohort.12,54 Also,
whereasmaternal prepregnancyweight is accurately recalled,
recall of GWG is modestly correlated with data from prenatal
records.41 GWG was reported by the nurse participants’
mothers and, therefore, is less likely to be biased than if ob-
tained from the nurse participant, whereas the age at men-
arche was reported by the nurse daughter 11 years before the
maternal study. Moreover, the average age of nurse partici-
pants at the time of reporting age at menarche was 34 years,
relatively close in timing of menarche; therefore, the likeli-
hood of recall bias is minimized, as has been reported in other
well-designed validation studies.43–45 Moreover, maternal
recall of GWG is unlikely to be influenced by daughter’s age at
menarche, and the resultant nondifferential misclassification
is likely to bias results toward the null.

Next, our findings are based on GWG during a period
when, relative to today, the standard clinical obstetric practice
recommended restriction of weight gain during pregnancy55;
therefore, it is worthwhile noting the differences in light of
current practices. This cohort is predominantly Caucasian
nurses, and, therefore, the generalizability of these findings
may be limited. Additionally, we use a subset of the larger
cohort with maternal information; however, the distribution
of age ofmenarchewithin the subset and the entire cohort was
identical, and this subcohort, therefore, is representative of
all NHS II participants with respect to age at menarche. A
notable strength of our study is the comprehensive mea-
surement of relevant covariates and the use of reported ma-
ternal-child dyad information. Finally, we did not collect data
on maternal age at menarche, a recognized factor associated
with daughter’s age at menarche.1,6,56

Conclusions

Our results suggest that maternal GWG is associated with
earlier age at menarche in the daughter. There was amodestly

significant association between higher maternal GWG and
later age at menarche in the daughter. Our findings suggest
that the intrauterine environment may be an important factor
in timing of menarche. Current trends indicate continued
decline in the average age at menarche, with stronger evi-
dence for this association among nonwhites than for Cauca-
sians,57–60 and declining age of pubertal onset among all U.S.
children.61At the same time, trends indicate thatmorewomen
gain excessive weight during pregnancy.22 Numerous popu-
lation-level studies have noted an association between earlier
age at menarche and breast cancer risk.62–64 Although the
public health implications of early pubertal timing include
several significant health consequences, the association with
endocrine-related cancers is of particular concern.65 Preg-
nancy is a time when women might be more amenable to
behavioral change; therefore, our findings build support for
the role of intervention during pregnancy or before concep-
tion. If replicated, these findings may have implications for
the ongoing debate over recommendations about the optimal
amount of weight gain during pregnancy. Future research is
needed to prospectively explore the association of maternal
GWG and age at menarche in a birth cohort study, with re-
peated measures of biomarker, anthropometric, and clinical
indicators of pubertal timing and tempo.
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