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Abstract

Objective—To investigate the effect of birth weight and early weight gain on the timing of
various measures of puberty in both girls and boys.

Methods—A total of 856 newborns enrolled in the North Carolina Infant Feeding Study were
followed to age 5 years, with 600 children followed up at adolescence. Birth weight was obtained
from medical records and children were weighed at study visits until age 5 years; gains in
standardized weights were calculated over four early age intervals: 0-6 months, 6-12 months, 1-2
years, and 2-5 years. Age at menarche in girls and age at advanced Tanner stages in both girls and
boys were reported by adolescents and their parents. Survival models were used to analyze the
effects of birth weight and early weight gain on these outcomes.

Results—Girls with higher birth weight and greater weight gains during the four early age
intervals were younger when they reached menarche and advanced Tanner stages; boys with
greater early weight gains also were younger when they reached advanced Tanner stages, but few
of these effects were statistically significant.

Conclusions—Higher birth weights and greater weight gains during infancy and early
childhood can lead to earlier sexual maturation in girls.

Keywords
Age at menarche; Birth weight; Puberty; Tanner stage; Weight gain

Introduction

About 40 years ago, Frisch and Revelle observed that weight at menarche was more constant
than age at menarche in US girls, and hypothesized that achieving a critical weight was
necessary for onset of menses (1). The relation between weight and menarche helped
explain the substantial decrease in the age of menarche among white girls over the 20t
century, since better nutrition had produced heavier girls during that same period (2). It also
implied that the epidemic of childhood obesity that began late in the 201" century might
result in many more girls achieving puberty younger. This was important because early
puberty is positively associated with adult overweight status and metabolic consequences
later in adulthood, even if childhood Body Mass Index (BMI) is taken into account (3).
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Prospective studies so far are largely consistent in observing that girls who gain weight
faster from birth to about age 2 years have earlier menarche, and higher weight gain overall
from birth to school age also lowers age at menarche (4-6). Most of the studies with
prospective data on menarche have relatively sparse observations on pre-school weights, and
so cannot distinguish whether weight gain at particular periods in the pre-school years make
independent contributions to the overall effect. Menarche is a clear and reliable pubertal
event in girls. A secular trend towards early maturation has also been reported in boys, but
boys have no signal event and are more difficult to study (7, 8). Unlike girls, heavier boys
are generally not reported to attain puberty earlier (9-11), but studies are too sparse and
inconsistent to allow any firm conclusions.

In the late 1970s, we conducted the North Carolina Infant Feeding Study, which was
primarily concerned with the effects of pollutant chemicals in breast milk and their effects
on children. We had relatively frequent measurements of the children from birth until school
age, and we also had data on self-assessed Tanner stages during adolescence. The objective
of the present study is to investigate whether birth weight or rapid weight gain in any of the
pre-school periods made independent contributions to age at various pubertal measures in
girls and boys.

Study participants

Between 1978 and 1982, 856 newborns from three North Carolina institutions (the East
Carolina University School of Medicine at Pitt County Hospital in Greenville, the Durham
Women's Clinic, and the Wake Area Health Education Center in Raleigh) were enrolled and
then followed to school age; they were later asked about pubertal maturation. The mothers
who volunteered were predominantly white and well educated. Detailed descriptions were
published previously (12, 13). The study was approved by the review boards at our
institution and at the 3 clinical sites. Written informed consent was obtained from the
parents. This analysis, using de-identified data, was determined exempt from the need for
further clearance.

Prenatal and infant characteristics—Data were collected by questionnaires and
review of medical records for the pregnancy. The following variables were considered as
covariates based on their potential associations with children’s birth weight and early weight
gains: maternal education; previous pregnancies; gestational diabetes; “high risk” pregnancy
(e.g., previous premature birth, spontaneous abortion, cesarean section or other illnesses);
maternal smoking during pregnancy; maternal age at delivery; maternal pre-pregnancy
weight; and maternal weight gain during pregnancy. The mothers also reported
breastfeeding or formula feeding until the child transitioned to table food.

Birth weight and postnatal weight gain

At birth, the child’s weight was recorded by a nurse, and gestational age estimates were
based on the mother’s recall of her last period and/or physical examination for the height of
the uterine fundus. Subsequent visits occurred at 6 weeks, 3 months, 6 months, 1 year, 1.5
years, 2 years, 3 years, 4 years, and 5 years of age. At each visit, a nurse measured the
weight of the child with light clothing but without shoes. We calculated age- and sex-
specific weight z-scores at each observation time using LMSGrowth software (14) and data
from the US Centers for Disease Control and Prevention 2000 growth charts (15). We used
the 2000 (rather than the 2006) growth charts because the data were collected 25 or more
years ago, closer to the 2000 charts. Standardized weight gains during infancy and early
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childhood were calculated as differences in these z-scores over four age intervals: 0-6
months, 6-12 months, 1-2 years, and 2-5 years.

In 1992, when the children were between 10 and 15 years old, we began sending annual
questionnaires to the children and their parents. A detailed description was published
previously (16). We asked whether a girl had experienced her first period and, if so, the date.
For stages of puberty in both sexes, we used a modification of Tanner’s method, which is
based on a series of photographs of secondary sexual characteristics that appear as an
ordered progression from stage 1 (pre-pubertal) to stage 5 (adult) (17). Using line drawings
based on the photographs, we had the children check which of the pubertal stages was
closest to their current state. Follow-up ended when a child reported Tanner stage 5;
otherwise, it continued for a maximum of 5 years. In addition, children also reported their
height and weight without shoes; we provided instructions and a tape measure.

At least one questionnaire was returned for 600 (70%) of the 856 original newborns. We
used the date at menarche reported by the girl when it was available and by the parents
otherwise (the agreement between daughters and parents was > 98%). Age at menarche was
categorized into three groups (18): early (more than one standard deviation (SD) below the
mean), average (within one SD of the mean), and late (more than one SD above the mean).
Puberty follow-up started late enough that many children had already attained an advanced
Tanner stage (> 3); thus, we used the age and stage reported by the children on the first
questionnaire. As surrogates for an idealized age at onset of puberty, the temporal outcomes
used in our study were the ages at which children achieved menarche and advanced Tanner
stages.

Statistical analysis

All statistical analyses were performed with SAS software (version 9.2, Cary, North
Carolina, USA). All P values are two-sided. We used means (and SDs) or frequencies (and
percentages) to describe prenatal and postnatal characteristics; Pearson correlation
coefficients to summarize associations between birth weights and standardized weight gains;
and univariate linear regression analysis to assess which characteristics, when considered
individually, were associated with age at menarche. Our analyses excluded preterm (delivery
< 37 weeks) infants.

We used parametric survival methods (LIFEREG procedure) to assess the effects of birth
weight and early weight gains on the time to an event associated with puberty. Separate
survival analyses were performed for event times defined as the age at menarche or the age
at attaining an advanced (> 2 or > 3) Tanner stage for development of breasts (girls), genitals
(boys), or pubic hair (both sexes). Age at menarche was available for all girls, so none of
these event times were censored. The child’s current Tanner stage was reported, not the age
at which the current stage was first achieved, so all of these event times were either left- or
right-censored. For example, if Tanner stage > 2 was the endpoint of interest, ages of
children who were already in stage 3 or greater at the first follow-up visit were left-
censored; and ages of children who were still in stage 1 or 2 were right-censored. For each
endpoint, we assumed a lognormal distribution for the event times and assessed the effects
of birth weight and weight gain over the age intervals 0-6 months, 6-12 months, 1-2 years,
and 2-5 years adjusted for potential confounding factors. The lognormal analysis treats the
logarithm of the event time as being normally distributed with a mean that is a linear
function of regression coefficients measuring the effects of explanatory variables. The anti-
log of a given regression coefficient approximately equals the ratio of mean event times
associated with a unit difference in the corresponding explanatory variable.
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The base survival model for each temporal endpoint included the child’s birth weight and
the gains in standardized weights over the four early age intervals. Other variables were
included in the final model if they were statistically significant when added individually to
the base model. Race was automatically included in the final model whenever possible,
though the small number of black children in our study precluded this in some cases.

General characteristics

Association

Of the original 856 children, 600 (70%) returned at least one follow-up questionnaire. Of the
256 who were lost to follow-up, we had no valid address for 94 (37%), the families of 38
(15%) refused, and 124 (48%) did not respond (16). Of the remaining 600 children in the
present study, we excluded 2 who returned questionnaires without any identification, 17
who were born preterm (< 37 weeks), and 6 without birth weight data. Compared to the 575
children whose data we used, children who did not participate had no significant differences
(Student’s t-test) in birth weight (P = 0.43) or weight gain during the periods from 6-12
months (P = 0.76), 1-2 years (P = 0.15), and 2-5 years (P = 0.14), but had higher weight
gain from 0-6 months (P = 0.03). Table 1 shows that, of the 305 girls and 270 boys
analyzed, more than two-thirds were already beyond Tanner stage 2 at their first follow-up
visit. For both sexes, the mean ages at first follow-up were very similar for each stage of the
two Tanner endpoints — breast and pubic hair characteristics in girls, genital and pubic hair
characteristics in boys. For instance, the mean age at which girls reported being in Tanner
stage 3 at their first follow-up visit was 13.2 (SD=0.7) years for breast development and
13.1 (SD=0.8) years for pubic hair development. Regarding age at menarche, the mean
among the 287 girls who responded was 12.7 (SD=1.2) years. Table 2 shows the category-
specific frequency (and proportion) or mean (and SD) for each prenatal and postnatal
characteristic, and the estimated regression coefficient (and standard error, SE) for the effect
of each characteristic in a univariate linear model for age at menarche. Heavier mothers had
daughters with earlier menarche (P = 0.005). Menarche occurred one year earlier in black
girls than white girls (11.7 vs 12.7 years, P = 0.008). Greater weight gains from 6-12
months (P = 0.026), 1-2 years (P = 0.035), and 2-5 years (P = 0.020) were associated with
earlier menarche. None of the other characteristics had a significant individual effect on age
at menarche (P > 0.05). Figure 1 shows weight z-score trajectories by age for young girls
who eventually experienced early, average, or late menarche; the trajectories start to diverge
by 1 year of age and remain separated through 5 years of age, at least for early versus
average/late.

between birth weight, early weight gains and puberty

Table 3 shows that birth weight was inversely correlated with weight gain in the 0—6 month
interval, but not significantly correlated with later weight gains. Weight gain in the 0-6
month interval was inversely correlated with weight gains in the other three time intervals;
and weight gains from 6-12 months and 1-2 years were inversely correlated with weight
gain from 2-5 years. Except for the moderate correlation between birth weight and weight
gain from 0-6 months, the other correlations were relatively low (0.26 or less in magnitude).

We assessed the effects of birth weight and early weight gains on age at menarche in girls
and age at achieving advanced Tanner stages in both girls and boys using survival models.

In addition to birth weight and early weight gains, the following variables were considered
for our models: maternal education, previous pregnancy, gestational diabetes, high risk
pregnancy, maternal smoking during pregnancy, maternal age at delivery, maternal pre-
pregnancy weight, maternal weight gain during pregnancy, breastfeeding duration, and
gestational age. Based on assessments of these variables when added individually to the base
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survival model, the final model included maternal smoking during pregnancy for each
endpoint in boys; maternal pre-pregnancy weight for each endpoint in girls; and maternal
age at delivery for each Tanner stage endpoint in girls. Though not statistically significant,
we also included race in the final model whenever possible; the extremely small number of
black children and the distribution of the data prevented the inclusion of race in over half of
the survival analyses due to numerical instability. Concurrent weight at first pubertal follow-
up was also reported by children, but not only did its inclusion in the models have no effect
on the magnitudes of early weight gain effects, but also it was not measured prior to pubertal
maturation, so it was not included in our final models. Table 4 shows that, among girls,
higher birth weight and greater weight gains over the four age intervals during infancy and
early childhood were consistently associated with earlier menarche, breast development, and
pubic hair development. All of the estimated regression coefficients were negative and most
of the decreases were statistically significant. For example, a unit weight gain (on the z-
score scale) in the 2-5 year age interval was associated with a decrease of 0.05 in the mean
log age at menarche (95% confidence interval, Cl: —0.08, —0.02). Thus, as exp(—0.05) ~
0.95, our model predicts that a white girl who gains one unit of standardized weight from 2—
5 years of age and has baseline values for all other variables should experience menarche at
an age 95% that of a white girl with baseline values for all variables (i.e., the mean values
from Table 2); this corresponds to a decrease in mean age at menarche from 12.6 to 12.0
years.

Table 5 shows the analogous results for boys. As was true with girls, higher birth weight and
greater early weight gains in boys seemed to be associated with earlier genital and pubic hair
development. All but two of the estimated regression coefficients were negative, but unlike
the results for girls, only a few of the decreases were statistically significant.

Discussion

We found girls with higher birth weight had earlier ages at menarche than girls with average
birth weight. In contrast, other studies found that babies who were lighter at birth had an
earlier age at menarche (19-23). We excluded pre-term babies from our analyses, so it may
be among them that such an association with earlier menarche would be found. In addition,
our cohort was of relatively high socio-economic status and born 3 decades ago, so their
postnatal experience may have modulated any effect of lower birth weight (6, 18, 24). We
also found that girls with higher birth weight tended to have earlier ages at advanced breast
and pubic hair development. One study reported that girls with a high birth weight (> 4 Kg)
were more likely to have a Tanner stage >2 for breast development than girls of normal birth
weight (25); while another study did not find any association between birth weight and
timing of pubertal attainment (26).

In our analyses, greater weight gain in any of the four early age intervals was associated
with earlier age at menarche, and the effect sizes for each interval were similar. Our finding
was similar to those from other studies that suggested babies who gained more weight in the
first year of life experienced earlier menarche (6, 26, 27). We extended these observations
by our finding that girls who gained more weight in any of several periods before school age
reached menarche earlier. As studies have suggested that most excess weight gained before
puberty may already have been gained before 5 years of age (28, 29), it is plausible that
weight gained prior to school age is critical. The assortment of growth patterns occurs
during the first two years (30); then the patterns stabilize between 2 and 5 years when excess
weight becomes more closely predictive of later childhood overweight and obesity (28, 29).
However, we observed similar associations between events at adolescence and both weight
gain before 2 years and weight gain in the 2-5 year interval, suggesting that weight gained
before age 2 years may have long lasting effects.
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We also found that girls with greater early weight gain reached advanced Tanner stages at
earlier ages. Higher childhood BMI is associated with earlier breast development (31-33),
but few studies have found prospectively that body size at younger ages predicts breast and
pubic hair development. A recent British study showed that postnatal weight change during
the first 20 months of life was associated with earlier menarche, breast development, and
pubic hair development (26), which is consistent with our results.

Boys with higher birth weight and greater weight gain before school age generally were
more likely to attain advanced Tanner stages at younger ages, but most of the estimated
effect sizes were not statistically significant. This may reflect, at least in part, a difference
between boys and girls in the biology of weight and puberty; boys lack a pubertal event as
definitive as menarche in girls. The existing literature on boys is less consistent and less
robust than on girls (9-11, 34) and, to our knowledge, there have been no studies of how
weight gains in infancy and early childhood affect pubertal stages. A longitudinal study
found that boys with the highest BMI z-score trajectories had the greatest relative risk of
being pre-pubertal compared with boys with the lowest BMI trajectories (9), and another
study found that boys reaching any given maturation stage at a younger age had lower BMI
and lower adiposity (11). However, in a recent study from a British cohort, overweight and
obese boys were found to have earlier transitions from Tanner stage 1 to stage 2 (34).
Further prospective studies are needed to provide more evidence regarding the role of
weight status on the timing of puberty in boys.

A limitation of our study is that we did not contact the families until the events of puberty
were well underway, precluding us from observing associations limited to the earliest stages.
In addition, Tanner stages were reported by adolescents themselves rather than being
assessed by a medical professional. Although obese girls tend to report more advanced
breast stages (35), our data were collected in the 1990s, when less than 3% of children were
overweight; and self-assessment was used in other similar studies and was considered a
practical and valid choice (36). Recall bias with respect to menarche is certainly possible,
though we do not consider it a major problem (37). Another limitation is that 30% of the
children did not respond to the pubertal follow-up. Although comparison of their weight
status with the status of those who responded did not show much difference, we did not
know their outcomes and thus misclassification bias is a possibility. Finally, we lacked
information on some prenatal characteristics that could confound our results. For example,
we did not collect information about maternal height, so we used maternal weight instead of
maternal BMI. Despite the above limitations, we had more contemporaneous data on
prenatal and postnatal periods than did prior studies; and the associations between early
weight gain and multiple pubertal outcomes were robust and consistent. Overall, we found
that girls who were heavier at birth or gained more weight at early ages reached menarche
and advanced Tanner stages sooner. Since the girls with higher birth weight were not, in
general, the same girls with greater weight gains through childhood, our findings suggest
that being heavier at any pre-school age was associated with earlier maturation. To a lesser
degree, our results also suggest that higher birth weight and greater early weight gains are
associated with earlier ages of advanced genital and pubic hair development in boys, though
the estimated effect sizes tended to be smaller than those in girls and most of the observed
effects were not statistically significant. Since the present study was conducted just prior to
the obesity epidemic (2), and given the recent increasing trend of obesity, more studies are
needed to identify the mechanisms for the link between birth weight, early weight gain, and
the onset of puberty.
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Figure 1.

Mean Weight Z-scores and 95% Confidence Intervals by Age and Menarche Category. The
means are connected by different styles of lines to better identify the menarche categories.
At each age, the means and error bars are offset slightly to distinguish them from one
another. The birth weight information is plotted at 0.06 because 0 is not a valid value on a
log-age scale.
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Mean Age (SD) at Menarche by Category in Girls and Mean Age (SD) at First Follow-up by Stage of Breast

and Pubic Hair Development in Girls and by Stage of Genitalia and Pubic Hair Development in Boys

Girls (N=305) Boys (N=270)
Endpoint N(%) Mean N (%) Mean
(SD) (SD)
Menarche Category
Early (< 11.5 years) 42 10.8
(14.6) (0.5)
Average (11.5-13.9 years) 201 12.7
(70.0) (0.6)
Late (> 13.9 years) 44 145
(15.3)  (0.6)
Tanner Stage Breast Genitalia
lor2 43 125 51 12.8
(16.0) (1.0) (24.3) (0.9)
3 85 13.2 63 13.4
(31.6) (0.7) (30.0) (0.9
4 101 13.7 74 13.8
(375) (08) (35.2) (0.8)
5 40 14.0 22 14.3
(149) (0.6) (10.5) (0.6)
Tanner Stage Pubic Hair Pubic Hair
lor2 48 125 62 12.8
(18.1) (099 (30.1) (0.9
3 35 13.1 53 135
(13.2) (0.8) (25.7) (0.8)
4 92 13.4 68 13.8
(34.7) (0.7) (33.00 (0.8)
5 90 140 (11.2) 142
(34.00 (0.7) (0.6)
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