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Using prospective data from the Early Determinants of Mammographic Density study (United States, 1959–2008,
n = 1121), we examined the associations between maternal body size, birth size, and infant and early childhood
growth during 3 time periods (0–4months, 4–12months, and 1–4 years) and benign breast disease (BBD) usingmul-
tivariable logistic regression with generalized estimating equations. A total of 197 women (17.6%) reported receiving
a diagnosis of BBD by a physician. Higher body mass index at age 7 years was inversely associated with BBD risk.
Rapid weight gain from age 1 year to 4 years, defined as an increase of least 2major percentiles (e.g., 5th, 10th, 25th,
50th, 75th, and 95th) relative to stable growth, defined as remaining within 2 percentiles, was also inversely associ-
ated with BBD (odds ratio (OR) = 0.51, 95% confidence interval (CI): 0.23, 1.15). In contrast, rapid weight gain in
infancy was positively associated with BBD relative to stable growth (from 0 to 4 months, OR = 1.65, 95% CI: 1.04,
2.62; from 4 to 12 months, 1.85, 95% CI: 0.89, 3.85), independent of birth weight, which was not associated with
BBD. Our results suggest that patterns of early-life weight gain are important to BBD risk. Thus, susceptibility to BBD,
like susceptibility to breast cancer, might start in early life.

benign breast disease; birth weight; BMI; body size; infant growth; maternal size

Abbreviations: BBD, benign breast disease; BC, breast cancer; BMI, body mass index; CI, confidence interval; OR, odds ratio;
SGA, small for gestational age.

Body size, often assessed by weight or body mass index
(BMI), across the life course has been consistently associated
with breast cancer (BC) risk (1, 2), with adult body size posi-
tively associated with postmenopausal BC (3–6) and adolescent
body size inversely associated with pre- and postmenopausal
BC (7, 8). Adolescent body size might also be inversely associ-
ated with the risk of benign breast disease (BBD) (9, 10), a
well-established BC risk factor (11).

Little is known about whether early infant and childhood
growth is associated with BBD and BC risk. A recent study
found that maternal prepregnancy BMI and gestational weight
gain were inversely associated with BBD risk (12). Birth
weight, which is positively associated with maternal body size
(13) and premenopausal BC (14, 15), was not associated with
BBD (10, 12, 16). Longitudinal studies of growth patterns
starting at birth are essential to understanding when the posi-
tive association between weight and BC risk observed at birth
reverses direction and becomes an inverse relationship, as is

consistently observed in adolescence. Prior studies lacked
information on body size between birth and adolescence to
investigate this question.

We addressed these gaps in the literature by investigating
the relationships between maternal body size, body size at
birth, and postnatal changes in height and weight through age
4 years with risk of BBD, using data from an adult follow-up
study of 2 US birth cohorts from the 1960s that prospectively
collected early-life anthropometric measures.

METHODS

Study participants

The Early Determinants ofMammographic Density (EDMD)
study is a follow-up study of 2 US birth cohorts—the Boston,
Massachusetts, andProvidence, Rhode Island, sites of theNational
Collaborative Perinatal Project (NCPP) and the California Child
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Health and Development Studies—that enrolled pregnant women
between 1959 and 1966 (with deliveries extending into 1967)
(17–19). We used prospective data from pregnant mothers and
growth data on their children through age 7 years. The Early
Determinants of Mammographic Density study enrolled 1,134
female participants when they were ages 39–49 years (details and
eligibility criteria reported elsewhere (19, 20)). This analysis in-
cludes 1,121 (98.9%) of the 1,134 participants who reported their
BBD status at an adult interview, including 286 sibling sets. This
studywas approved by the institutional reviewboards at Columbia
UniversityMedical Center, Kaiser Permanente, Brigham andWo-
men’sHospital, andBrownUniversity.

Maternal and childhood data collection

Mothers reported their current smoking status, prepregnancy
weight, and educational level at antenatal clinic visits. Study staff
measured maternal height and weight during pregnancy.We cal-
culated gestational weight gain by subtracting the self-reported
prepregnancy weight from the measured weight at the end of
pregnancy (17, 18, 20). We calculated gestational age as the date
of delivery minus the date of the last menstrual period. Trained
personnel weighed infants to the nearest gram shortly after birth
and measured length to the nearest centimeter from crown to
heel. In theNational Collaborative Perinatal Project, trained clini-
cal staff measured weight and height at follow-up visits through
early childhood, including at 4 months, 12 months, and 4 years
of age (17). Height and weight data through at least age 5 years
were abstracted from medical records for Child Health and
Development Studies participants (18). Height and weight at age
7 years were available for themajority of the cohort (78.6%).

We examined postnatal growth using the within-cohort per-
centile rank change in weight and height from 0 to 4months, 4 to
12 months, and 1 to 4 years as continuous variables. We applied
individual cubic splines to interpolate measures at these exact
times (21). We also examined patterns of height and weight gain
during these time periods based on changes in the within-cohort
percentiles, using similar cutoffs to the Centers for Disease Con-
trol and Prevention growth chart reference percentiles. We
defined rapid and slow growth patterns, respectively, for height
and weight as an increase or decrease of at least 2 major percen-
tiles (5th, 10th, 25th, 50th, 75th, and 95th) during the time period.
We compared girls having these patterns with girls who had sta-
ble growth, defined as thosewhose rank remainedwithin 2major
percentiles. We also examined the impact of smaller changes in
height and weight gain on BBD risk, distinguishing between
crossing 1major percentile and 2 or more major percentiles com-
pared with staying within 1 major percentile. There is a direct
mapping between percentile rank and z scores (21). For example,
an increase from the 50th to the 75th percentile is equivalent to a
0.67 increase in z score, a cutoff that has been used previously to
define rapid infant weight gain (22).

Adult data collection

We conducted adult follow-up interviews using computer-
assisted telephone interviewmethods.We asked whether a doc-
tor had ever diagnosed participants with any form of BBD,
which encompasses a variety of different phenotypes including
cysts, lumps, and fibrocystic breasts. Participants who answered

“yes” to that question were classified as having BBD. Partici-
pants also reported sociodemographic information, body size in
adulthood, andmedical and reproductive history.

Statistical analysis

We investigated differences according to BBD status in
mean values of body size measures across the life course
using t tests and frequencies of height and weight gain pat-
terns using χ2 tests. We estimated odds ratios and their 95%
confidence intervals relating body size across the life course
to BBD status using logistic regression models with general-
ized estimating equations to account for correlations among
siblings. We first examined the association between BBD
status and recalled BMI during ages 20–29 years to replicate
previous studies examining BMI in early adulthood and
BBD (9, 10), and we then examined the association with
BMI measured at ages 1, 4, and 7 years. To account for
potential confounding, we first adjusted for age and site and
then further adjusted for ponderal index at birth, gestational
weight gain, maternal prepregnancy BMI, and other early-
life factors. We also examined maternal prepregnancy BMI
and gestational weight gain as categorical variables, defined
by the Centers for Disease Control and Prevention thresholds
for overweight and obesity. We tested for nonlinearity in the
models assessing ponderal index at birth and BMI at ages 1,
4, and 7 years and during ages 20–29 years by adding their
quadratic terms to the models, and we formally tested their
significances using the Wald test. We present these expo-
sures as continuous variables given that there was no evi-
dence of nonlinearity (P > 0.05).

We then estimated the associations between growth during
infancy and early childhood and BBD risk. We measured early-
life growth paths by birth weight, birth length, and changes in
weight and height from 0 to 4months, 4 to 12months, and 1 to 4
years, and we also categorized them as rapid, stable, and slow.
All models adjusted for age at adult interview and site. To better
understand how growth during specific time periods is associated
with BBD, we ran a sequence of models with the base model
including only birth weight and birth length as exposures, and
sequentially expanding themodel to include the later growth per-
iods one at a time (i.e., weight and height gain from 0 to 4
months, then 4 to 12months, and then 1 to 4 years). We adjusted
for maternal and prenatal factors. We considered maternal age at
registration, prepregnancy BMI, maternal height, maternal edu-
cation, gestational weight gain, packs of cigarettes smoked per
day during pregnancy, prematurity (birth prior to 37 weeks’ ges-
tation), race/ethnicity, and BC family history as potential con-
founders. We retained a variable whose inclusion resulted in a
change of≥10% in the regression coefficients of any of the expo-
sures of interest in future models. We considered BMI during
ages 20–29 years as a potential mediator. We also restricted our
sample to sibling sets only, and we used conditional logistic
regression to estimate the associations between early-life growth
and BBD risk at the family level.

We examined effect modification by site, birth weight,
and BMI at age 7 years by adding cross-product terms to the
models. To account for the regression-to-the-mean effect
(i.e., catch-up and catch-down growth), we performed sensi-
tivity analyses for rapid weight gain excluding infants born
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before 37 weeks (n = 42), infants with a birth weight below
2.5 kg (n = 45), and infants born small for gestational age
(SGA) (n = 110). For slow weight gain, we excluded infants
with a birth weight greater than 4 kg (n = 164) or infants
born large for gestational age (n = 110). Being SGA and
large for gestational age were defined as those infants below
the within-cohort 10th and above the 90th percentiles of birth
weight divided by gestational age, respectively. We also
examined an interaction between SGA and rapid weight gain
in either infant time period. We examined the distribution of
early-life weight patterns according to BMI at age 7 years to
investigate whether rapid weight gain in infancy and early
childhood tracked to higher childhood BMI.

RESULTS

Of the 1,121 women, 197 (17.6%) reported a BBD diag-
nosis by a physician (Table 1). The average age at diagnosis
for women with BBDwas 30.8 years.

Body size (BMI)

We observed an inverse association between BMI during
ages 20–29 years and BBD (per BMI unit, odds ratio (OR) =
0.96, 95% confidence interval (CI): 0.92, 1.01) (Table 2). This
inverse association with BMI and BBD was seen at age 7 years
as well, although it was not statistically significant in the
multivariable-adjusted model (per BMI unit, OR = 0.93, 95%
CI: 0.84, 1.03), but did not extend earlier in the life course. BMI
at 4 years, BMI at 1 year, and ponderal index at birth were not
independently associated with BBD risk in either the age- and
site-adjusted or multivariable-adjusted model. Maternal pre-
pregnancy BMI and gestational weight gain were also not asso-
ciated with BBD risk (Web Table 1, available at https://
academic.oup.com/aje).

Early-life growth

Women who experienced rapid weight gain (an increase
of ≥2 major percentiles) from 0 to 4 months were 1.65 times
more likely to report a BBD diagnosis than women with sta-
ble growth (95% CI: 1.04, 2.62) (Table 3). The association
between rapid weight gain between 4 and 12 months and
BBD was also elevated (OR = 1.85, 95% CI: 0.89, 3.85). In
contrast, rapid weight gain from 1 to 4 years was associated
with a decreased risk of BBD (OR = 0.51, 95% CI: 0.23,
1.15). BMI during ages 20–29 years did not mediate associa-
tions between rapid weight gain and BBD (data not shown).
There was no evidence of effect measure modification by
birth weight, site, or BMI at age 7 years for any of the weight
gain patterns from 0 to 4 years.

When we examined the association between changes of 1 and
≥2 major percentiles with BBD compared with those that stayed
within 1 major percentile, the positive association between rapid
infant weight gain and BBD was limited to those whose weight
increased by at least 2 major percentiles from 0 to 4 and 4 to 12
months (Figure 1). An increase of 1 major percentile or more
from 1 to 4 years was inversely associated with BBD. Slow
weight gain and patterns of height gain in these time periods
were not associatedwith BBD. Percentile rank changes inweight

and height measured continuously from 0 to 4 months, 4 to 12
months, and 1 to 4 years were also not associated with BBD risk
(Web Table 2), suggesting that the associations between weight
gain and BBD risk are not linear and are limited to those who
experience very fast weight gain.

Sibling analysis

We observed similar associations between rapid weight
gain and BBD within siblings, suggesting that family-level
confounders do not explain the associations observed in the
full cohort (Table 3). Within sibling sets, rapid weight gain
from 0 to 4 months was associated with a more than 3-fold
increased risk of BBD (OR = 3.06, 95% CI: 1.17, 7.98).
Rapid weight gain from 1 to 4 years was associated with a
decreased risk of BBD (OR = 0.13, 95% CI: 0.02, 0.78).

Rapid weight gain and size at birth

Birth weight and birth length were not associated with BBD
(Table 3). We adjusted for weight and length at birth in all
infant growth models. The inference was similar when we
examined the ratio of birth weight/gestational age, a measure
of fetal growth rate, instead of birth weight (data not shown).
The inferences regarding infant weight gain and BBD risk
were similar when we excluded preterm, low birth weight, or
SGA infants (Web Figure 1, rapid weight gain) or high birth
weight or large for gestational age infants (Web Figure 2, slow
weight gain), suggesting that these associations hold in the
majority of births and are not driven by the extremes of birth
size. Further, we examined the association specifically with
rapid weight gain in either infant time period and found that
the association between rapid infant weight gain and BBD was
apparent in SGA and non-SGA infants (for rapid weight gain
and SGA, OR = 2.10, 95% CI: 1.03, 4.28; for rapid weight
gain and non-SGA, OR = 1.66, 95% CI: 1.08, 2.54) compared
with reference group of non-SGA infants without rapid weight
gain (P for interaction = 0.53).

Rapid weight gain and body size in childhood

Because BMI at age 7 years was inversely associated with
BBD risk, we examined whether rapid infant and early child-
hood weight gain tracked to higher childhood BMI. Girls
who experienced rapid infant weight gain had a mean BMI at
age 7 years that was similar to that of girls with stable growth
(Web Figure 3). Rapid infant weight gain was associated
with an increased risk of BBD regardless of BMI at age 7
years (P for interaction > 0.05 for infant weight patterns and
BMI at age 7 years).

DISCUSSION

This study supports an inverse association between childhood
and adult BMI and risk of BBD, and it further extends the litera-
ture to suggest that weight gain as early as infancy also influences
BBD susceptibility, independent of birth weight and childhood
body size. Although we observed associations between rapid
weight gain in infancy and early childhood and BBD risk, BMI
at ages 1 and 4 years were not associated with BBD. This finding
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Table 1. Characteristics of Study Sample According to Benign Breast Disease Diagnosis (n = 1,121), Early Determinants of Mammographic
Density Study, United States, 1959–2008

Characteristic

Benign Breast Disease Diagnosis

Yes (n = 197) No (n = 924)

No. % Mean (SD) No. % Mean (SD)

Maternal

Prepregnancy BMIa 185 22.8 (3.3) 862 23.3 (3.9)

Weight gain during pregnancy, kg 192 9.6 (3.5) 895 9.3 (4.0)

Birth size

Birth weight, kg 197 3.4 (0.6) 924 3.5 (0.5)

Birth length, cm 197 51.5 (2.7) 917 51.2 (3.0)

Ponderal index at birthb 197 25.0 (2.7) 917 25.9 (6.5)

Early-life and childhood body size

Weight at 4 months, kg 197 6.4 (0.8) 922 6.4 (0.8)

Weight at 1 year, kg 193 9.7 (1.3) 914 9.7 (1.2)

Weight at 4 years, kg 178 16.7 (2.3) 887 16.7 (2.4)

Height at 4 months, cm 195 62.2 (2.5) 920 62.4 (2.9)

Height at 1 year, cm 191 74.0 (3.1) 912 73.8 (3.2)

Height at 4 years, cm 176 101.2 (4.6) 883 100.4 (4.8)

BMIa at 4 months 195 16.6 (1.5) 920 16.6 (1.9)

BMIa at 1 year 191 17.7 (1.8) 912 17.7 (1.7)

BMIa at 4 years 176 16.2 (1.5) 883 16.6 (1.8)

BMIa at 7 years 139 16.2 (1.9) 742 16.6 (2.2)

Early-life growth patternsc

Weight gain pattern, 0–4monthsd

Rapid 43 21.8 130 14.1

Stable 122 61.9 660 71.6

Slow 32 16.2 132 14.3

Height gain pattern, 0–4monthsd

Rapid 19 9.7 137 14.9

Stable 139 71.3 639 69.5

Slow 37 19.0 144 15.7

Weight gain pattern, 4–12monthsd

Rapid 16 8.3 54 5.9

Stable 168 87.0 813 88.9

Slow 9 4.7 47 5.1

Height gain pattern, 4–12monthsd

Rapid 18 9.4 84 9.2

Stable 160 83.8 725 79.5

Slow 13 6.8 103 11.3

Weight gain pattern, 1–4 yearsd

Rapid 13 7.3 89 10.0

Stable 154 86.5 735 82.9

Slow 11 6.2 63 7.1

Height gain pattern, 1–4 yearsd

Rapid 20 11.3 101 11.5

Stable 139 79.0 696 78.8

Slow 17 9.7 86 9.7

Table continues
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is consistent with a previous study using the 1946 British birth
cohort that did not find an association between BMI at ages 2
and 4 years and BC risk (23). Similar to the present study, this
prior study reported an inverse association betweenBMI velocity
from 2 to 4 years and BC risk. However, they did not have mea-
surements between birth and 2 years and could not assess infant
weight gain in relation to BC risk. A Swedish study of 405 BC
cases and 1,081 controls found that neonates with an initial
weight loss after birth of ≥200 g and/or rapid neonatal weight
gain (≥25 g per day) after initial weight loss had an approxi-
mately 50% higher risk of BC compared with neonates who
gained<25 g per day after an initial loss of<200 g. This associa-
tion was roughly 2-fold in women aged less than 50 years (24).
Together, this suggests that the rate of weight gain prior to child-
hood plays an important role in shaping the risk of BBD and BC
in adulthood.

Infancy is associated with an activation of the
hypothalamic-pituitary-gonadal axis, termed “minipuberty,”

when breast tissue is present and might be stimulated by
increased levels of reproductive hormones (25–27), which
peak at 1–3 months of age and then gradually decline (28).
The long-term effects of minipuberty are not well understood
(29). Increases in height and faster peak height velocity during
puberty, a critical period for breast development when growth
and reproductive hormone levels are rapidly increasing (30),
are associated with increased risk of BBD (9) and BC (7, 31).
Some studies have also observed associations between in-
creases in BMI during adolescence and decreased risks of
BBD (16) and BC (7). Because the window of minipuberty
during infancy might also be a biologically relevant time
period for breast development (27), growth during this time
period might plausibly be associated with later breast disease.
Our results suggest that during infancy, rapid weight gain, not
height gain, is associated with increased risk of BBD, which
could reflect a mechanism different from the pathways that
link pubertal growth and BBD risk.

Table 1. Continued

Characteristic

Benign Breast Disease Diagnosis

Yes (n = 197) No (n = 924)

No. % Mean (SD) No. % Mean (SD)

Adult

Age at interview, years 197 44.1 (1.8) 924 44.1 (1.9)

Age BBD first diagnosed by doctor, years 196 30.8 (8.2)

BMIa during ages 20–29 years 197 21.7 (3.8) 915 22.5 (4.4)

BMIa during ages 30–39 years 197 23.8 (5.3) 915 24.8 (5.9)

BMIa at interview 194 26.6 (6.9) 903 27.4 (6.5)

Abbreviations: BMI, bodymass index; cm, centimeters; SD, standard deviation.
a Weight(kg)/height(m)2.
b Weight(kg)/height(m)3.
c Rapid and slow patterns are defined as an increase or decrease, respectively, of ≥2 major percentiles (5th, 10th, 25th, 50th, 75th, and 95th) in

weight or height relative to stable growth (staying within 2 major percentiles).
d Values do not sum to total due to missing data.

Table 2. Multivariable Models of Body Size Across the Life Course and Benign Breast Disease Diagnosis, Early Determinants of Mammographic
Density Study, United States, 1959–2008

Exposure
Age- and Site-Adjusted Multivariable-Adjusted

OR 95%CI OR 95%CI

Model 1: maternal prepregnancy BMI, per unit increasea 0.96 0.92, 1.00 0.97 0.93, 1.02

Model 2: gestational weight gain, per 1-kg increaseb 1.01 0.97, 1.04 1.00 0.96, 1.04

Model 3: ponderal index at birth, per unit increasec 0.96 0.92, 1.01 0.96 0.91, 1.02

Model 4: BMI at age 1 year, per unit increased 1.01 0.92, 1.11 1.05 0.95, 1.16

Model 5: BMI at age 4 years, per unit increased 0.93 0.85, 1.03 0.95 0.86, 1.06

Model 6: BMI at age 7 years, per unit increased 0.92 0.84, 1.00 0.93 0.84, 1.03

Model 7: BMI during ages 20–29 years, per unit increased 0.95 0.90, 0.99 0.96 0.92, 1.01

Abbreviations: BMI, bodymass index; CI, confidence interval; OR, odds ratio.
a BMI was calculated as weight (kg)/height (m)2. Multivariable model adjusted for site, age at interview, race/ethnicity, maternal age at registra-

tion, maternal education, maternal height, maternal cigarettes per day, and family history of breast cancer.
b Multivariable model adjusted for everything in model 1 plusmaternal prepregnancy BMI and prematurity.
c Ponderal index was calculated as weight (kg)/height (m)3. Multivariable model adjusted for everything in model 2 plus gestational weight gain.
d BMI was calculated as weight (kg)/height (m)2. Multivariable model adjusted for everything in model 3 plus ponderal index at birth.

Am J Epidemiol. 2019;188(9):1646–1654

1650 Goldberg et al.



Several mechanisms could underlie the observed association
between rapid infant weight gain and increased risk of BBD and
BCgenerally. Although infantswho grow rapidly are at increased
risk of obesity starting in childhood (21, 22, 32), the positive asso-
ciation between rapid infant weight gain and BBD in this study
was not mediated by later body size. Infant weight gain is influ-
enced by nutrition, with formula-fed infants more likely to have
rapid weight gain than their breastfed peers (33, 34). Migrant and

animal studies support the hypothesis that an energy-rich diet in
early life might affect mammary gland development and BC risk
(35–39), but previous studies have not observed an association
between infant feeding and BBD (10, 12) or BC (40). Trichopou-
los et al. (41) proposed an early-life etiological model that hy-
pothesizes that BC risk depends on the number of mammary
tissue–specific stem cells, which is determined in the perinatal
period. Under this model, infant growth could influence BC risk

Table 3. Multivariable Models of Birth Size and Patterns of Growth in Infancy and Early Childhood and Benign Breast Disease Diagnosis in the
Overall Cohort andWithin Families, Early Determinants of Mammographic Density Study, United States, 1959–2008

Exposure

Overall Cohort Sibling Sets

Model 1a,b Model 2a,c Model 3a,d Model 4a,e

OR 95%CI OR 95%CI OR 95%CI OR 95%CI

Birth weight, per 1-kg increase 0.69 0.46, 1.04 0.71 0.46, 1.10 0.74 0.47, 1.15 0.51 0.17, 1.51

Weight gain pattern, 0–4months

Rapidf 1.61 1.03, 2.51 1.70 1.08, 2.68 1.65 1.04, 2.62 3.06 1.17, 7.98

Stableg 1.00 Referent 1.00 Referent 1.00 Referent 1.00 Referent

Slowh 1.36 0.85, 2.18 1.35 0.83, 2.19 1.40 0.86, 2.28 0.89 0.25, 3.15

Weight gain pattern, 4–12months

Rapidf 2.08 1.07, 4.06 2.04 1.00, 4.14 1.85 0.89, 3.85 1.09 0.25, 4.75

Stableg 1.00 Referent 1.00 Referent 1.00 Referent 1.00 Referent

Slowh 0.75 0.36, 1.55 0.65 0.30, 1.40 0.68 0.32, 1.48 0.87 0.12, 6.42

Weight gain pattern, 1–4 years

Rapidf 0.55 0.26, 1.17 0.53 0.24, 1.13 0.51 0.23, 1.15 0.13 0.02, 0.78

Stableg 1.00 Referent 1.00 Referent 1.00 Referent 1.00 Referent

Slowh 0.69 0.34, 1.39 0.71 0.35, 1.46 0.72 0.36, 1.44 1.06 0.28, 4.01

Birth length, per 1-cm increase 1.04 0.97, 1.12 1.05 0.97, 1.15 1.05 0.96, 1.14 1.04 0.87, 1.24

Height gain pattern, 0–4months

Rapidf 0.78 0.45, 1.37 0.80 0.44, 1.43 0.76 0.42, 1.40 0.69 0.23, 2.05

Stableg 1.00 Referent 1.00 Referent 1.00 Referent 1.00 Referent

Slowh 1.05 0.66, 1.68 1.07 0.66, 1.74 1.04 0.63, 1.72 0.70 0.29, 1.71

Height gain pattern, 4–12months

Rapidf 0.86 0.47, 1.57 0.80 0.42, 1.52 0.92 0.48, 1.78 1.35 0.37, 4.94

Stableg 1.00 Referent 1.00 Referent 1.00 Referent 1.00 Referent

Slowh 0.89 0.48, 1.65 0.89 0.46, 1.72 0.82 0.42, 1.60 0.53 0.11, 2.48

Height gain pattern, 1–4 years

Rapidf 0.87 0.48, 1.58 0.86 0.46, 1.61 0.87 0.46, 1.68 5.51 1.05, 28.99

Stableg 1.00 Referent 1.00 Referent 1.00 Referent 1.00 Referent

Slowh 1.52 0.84, 2.75 1.57 0.84, 2.94 1.51 0.80, 2.83 1.66 0.46, 5.98

Abbreviations: BMI, bodymass index; CI, confidence interval; OR, odds ratio.
a Estimates are adjusted only for growthmeasures in the same or earlier time periods.
b Model 1 included site, age at interview, birth weight, birth length, and changes in weight and height from 0 to 4 months, 4 to 12 months, and 1 to

4 years.
c Model 2 included all variables from model 1 plus maternal age at registration, maternal prepregnancy BMI, maternal height, and maternal

education.
d Model 3 included all variables from model 1 plus maternal prepregnancy BMI, maternal height, maternal cigarettes per day, maternal weight

gain during pregnancy, and prematurity.
e Model 4 was fitted using conditional logistic regression and adjusted for age at interview and growth measures in the same or earlier time peri-

ods only.
f Rapid growth is defined as an increase of≥2major percentiles (5th, 10th, 25th, 50th, 75th, and 95th).
g Stable growth is defined as staying within 2 major percentiles.
h Slow growth is defined as a decrease of≥2major percentiles (5th, 10th, 25th, 50th, 75th, and 95th).
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through an effect on the number or replication rate of mammary
tissue–specific stem cells, which is affected by postnatal levels of
growth-enhancing hormones (41). Rapid weight gain in the first
2–3 years of life is associated with higher levels of insulin-like
growth factor-I and growth hormone–binding protein in child-
hood (42), and higher levels of insulin-like growth factor-I in
adulthood are associated with increased risk of premenopausal
BC (43). Infant growth might also be associated with epigenetic
changes, such as changes in DNA methylation of imprinted
genes (44), which is associated with genomic instability and can-
cer risk in adulthood (45).

Our results suggest that weight gain during infancy influences
BBD risk, but consistent with previous studies (10, 12), we did
not observe an association between birth weight and BBD risk.
We did not observe any consistent patterns relating maternal pre-
pregnancy BMI and gestational weight gain to BBD risk, similar
to prior studies examining these factors and BC risk (46, 47).

However, maternal prepregnancy BMI and gestational weight
gain are both higher in contemporary cohorts than in this cohort
of pregnancies from the 1960s (48). Thus, we cannot rule out
that higher maternal BMI and gestational weight gain are associ-
ated with BBD risk, and in fact, in the Growing Up Today Study
of girls born in the 1980s,maternal prepregnancyBMI and gesta-
tional weight gainwere inversely associated with BBD (12).

The prospective assessment of body size at birth and through
early childhood by trained personnel limits the likelihood of ex-
posure misclassification due to measurement error and is a
major strength of this study. Many early-life exposures, includ-
ing growth, are socially patterned (49, 50), making it difficult to
rule out residual confounding by socioeconomic status as an
explanation for early-life findings (51, 52). The consistency of
the associations between rapid weight gain in infancy and early
childhood and BBD risk in both the overall cohort and sibling
subset, which controlled for family-level confounders such as

Time Period and Weight Gain Pattern

From 0 to 4 Months

   Increase of ≥2 major percentiles

   Increase of 1 major percentile

   Stayed within same major percentile

   Decrease of 1 major percentile

   Decrease of ≥2 major percentiles

From 4 to 12 Months

   Increase of ≥2 major percentiles

   Increase of 1 major percentile

   Stayed within same major percentile

   Decrease of 1 major percentile

   Decrease of ≥2 major percentiles

From 1 to 4 Years

   Increase of ≥2 major percentiles

   Increase of 1 major percentile

   Stayed within same major percentile

   Decrease of 1 major percentile

   Decrease of ≥2 major percentiles

OR (95% CI)

1.66 (0.96, 2.87)

1.04 (0.64, 1.68)

1.00 (Referent)  

1.05 (0.61, 1.81)

1.46 (0.83, 2.59)

1.89 (0.86, 4.16)

1.03 (0.64, 1.66)

1.00 (Referent)  

0.98 (0.63, 1.51)

0.63 (0.27, 1.46)

0.39 (0.16, 0.96)

0.54 (0.32, 0.93)

1.00 (Referent)  

0.98 (0.63, 1.52)

0.65 (0.31, 1.35)

0.1 0.2 0.5 1.0 2.0 5.0 10.0

Odds Ratio

Figure 1. The association between early-life weight gain (using expanded definitions of rapid and slow weight gain) and benign breast disease diag-
nosis, Early Determinants of Mammographic Density Study, United States, 1959–2008. Models adjusted for site, age at interview, birth weight, birth
length, height gain pattern in the same time period, height and weight gain pattern in previous time periods, maternal prepregnancy body mass index,
maternal height, maternal cigarettes per day,maternal weight gain during pregnancy, and prematurity. CI, confidence interval; OR, odds ratio.
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socioeconomic status by design (53, 54), suggests that our find-
ings are unlikely to be explained by social patterning.

Although BBD was self-reported, the prevalence of BBD in
our study (17.6%) was similar to the prevalence of self-reported
BBD in other cohorts (55, 56). A validation study in the Nurses’
Health Study II cohort found self-reports of biopsy-confirmed
BBD to be accurate; in 621 womenwith self-reported BBD and
pathology material available, 95% were confirmed by histo-
logic review (57). Our results on childhood BMI and BBD risk
were similar to those observed in previous studies that used re-
ports of biopsy-confirmed cases (9, 10). We were unable to
assess heterogeneity by BBD subtype without pathology re-
ports. Because the increased risk of BC varies by BBD subtype,
with a modest increase in BC risk, if any, for womenwith fibro-
cystic disease and the highest increase in risk for women with
atypical hyperplasia (11, 58, 59), stronger effects in higher-risk
BBD subtypes might be masked. In addition, given the rela-
tively small number of BBD cases in each rapid weight gain
group, the replication of results in larger studies is warranted.

In conclusion, our results suggest that patterns of weight
gain in infancy are important to BBD risk. Thus, susceptibil-
ity to BBD, like susceptibility to breast cancer, might start in
early life. Future research should examine growth trajecto-
ries during sensitive windows, which might have indepen-
dent effects on later disease risk. Windows should be defined
narrowly based on developmental biology given that we
found heterogeneity of associations of growth rate with BBD
even within the short window of birth through age 4 years.
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