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High birth weight is associated with increased breast cancer risk and, less consistently, with higher mammographic
density. In contrast, adolescent body size has been consistently, negatively associated with both MD and breast cancer
risk. It is unclear when the direction of these associations changes and whether weight gain in infancy is associated with
MD.We evaluated the associations of birth weight and postnatal weight (measured at 4 months, 1 year, and 4 years) by
absolute and velocity measures (relative within-cohort percentile changes) with adult mammographic density, assessed
using a computer-assisted thresholding program (Cumulus), using linear regressionmodels with generalized estimating
equations to account for correlation between siblings in the Early Determinants of Mammographic Density study
(1959–2008; n = 700 women with 116 sibling sets; mean age = 44.1 years). Birth weight was positively associated with
dense area (per 1-kg increase, β = 3.36, 95% confidence interval (CI): 0.06, 6.66). Weight gains from 0 months to
4 months and 1 year to 4 years were negatively associated with dense area (for 10-unit increase in weight percentile,
β = −0.65, 95%CI: −1.23, −0.07, and β = −1.07, 95%CI: −1.98, −0.16, respectively). Findings were similar in the sib-
ling subset. These results support the hypothesis that high birth weight is positively associated with increased breast
density and suggest that growth spurts starting in early infancy reducemammographic dense area in adulthood.

birth weight; breast cancer risk; dense area; early life growth; infant growth; mammographic density; percent
density

Abbreviations: BC, breast cancer; BMI, body mass index; CDC, Centers for Disease Control and Prevention; CHDS, Child Health
and Development Studies; CI, confidence interval; EDMD, Early Determinants of Mammographic Density; MD, mammographic
density; MRI, magnetic resonance imaging; NCPP, National Collaborative Perinatal Project.

The majority of states in the United States now require noti-
fication about mammographic density (MD), a major risk fac-
tor for breast cancer (BC), for women undergoing screening
mammography (1, 2). Althoughmany adult BC risk factors also
are related to MD (3) (e.g., lack of physical activity (4), parity
and breast feeding (5), and alcohol consumption (6)), a large
portion of MD remains unexplained by adult risk factors, sug-
gesting that MDmight be driven by underlying genetic suscep-
tibility. Twin and genome-wide association studies support a
role for genetic variants in explaining some variation in MD,
with some twin studies suggesting concordance as high as 0.63

in MD in monozygotic twins compared with 0.27 in dizygotic
twins (7, 8). Genome-wide association studies have found 9
genetic variants related to MD (9, 10). In addition to genetics,
the large portion of MD unexplained by adult risk factors might
also be explained by exposures much earlier in life, including
environmental and lifestyle exposures and their interactions
with underlying genetic susceptibility.

A large body of epidemiologic and animal studies over the
past 2 decades has emerged, supporting a role for the early-life
and prenatal environment in shaping BC risk (11–22). For
example, higher birth weight (15, 18, 23) and earlier breast
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development (24) have emerged as BC risk factors, indepen-
dent of long-established indicators of early-life growth and
development, including earlier age at menarche (25) and adult
height (26).Most, but not all studies have found a positive associ-
ation between birth weight and BC risk (27, 28), with the greatest
consistency seen when data on birth weight are available through
records and not recalled retrospectively (27). Even though higher
birth weight has been related to increased BC risk, larger adoles-
cent body size, primarily assessed by either body shapes such as
recalled somatotypes and/or measured body mass index (BMI),
has been consistently related to decreased risk of BC both before
and after menopause (29–32). There is some evidence that also
suggests thatMDmimics these patterns (for review, seeYochum
et al. (33)). It is unclear when the direction of these associations
changes and whether the positive association seen with birth
weight is also seen with large body size in infancy and child-
hood, particularly given that infancy is also a period when the
mammary tissue is rapidly developing (30, 31). Of the studies
that examined birth weight and MD (for reviews, see Yochum
et al. (33) and Denholm et al. (34)), only a subset also hadmea-
sures of childhood growth (35–38).

None of the existing studies of MD had measurements of
weight gain during the first year of life, a dynamic period when
most babies triple their weight in just 12months (39). Infancy is
also a time that has been associated with “minipuberty,” when
endogenous steroid and growth hormones rapidly change and
breast tissue develops and regresses in many girls (40–42). We
recently conducted a study examining prospective measure-
ments of infant weight gain and MD in an urban birth cohort
and found negative associations between infant and early child-
hood weight gain and MD (43). However, given the smaller
sample size and the lack of siblings in this cohort, we under-
took a prospective study of MD in women of a similar age
nested within the Child Health and Development Studies
(CHDS) cohort (44) and the National Collaborative Perinatal
Project (NCPP) (45), the Early Determinants of Mammographic
Density (EDMD) study (46–49). EDMD is a larger study popu-
lation with prospectively measured infant and childhoodweight
and height that includes a subgroup of siblings. We evaluated
the association between birth weight, absolute weight, and rela-
tive change in weight at ages 4 months, 12 months, and 4 years
and MD (% density and absolute dense area) in the overall
cohort (n = 700) and among the subset of siblings (n = 116 sets).
The sibling analyses were used specifically to evaluate the pat-
terns between early-infant weight gain and MD, controlling for
family characteristics including socioeconomic status.

METHODS

Study population

The EDMD study is an adult follow-up of women born in 2
US birth cohorts: the CHDS cohort, which was enrolled in
California between 1959 and 1967 (44, 50), and 2 sites of the
NCPP enrolled inBoston,Massachusetts, and Providence, Rhode
Island, between 1959 and 1966 (45). Details of this cohort have
been published previously (46–49). Briefly, we attempted to con-
tact 1,925 women randomly selected from the 3,256 eligible
women.We successfully traced 1,314 women, of whom 1,134
(86.3%) women participated in the study. The final sample

included 521 singletons and 613 individuals in 296 sibling sets.
Sibling sets included 277 sets of 2, 17 sets of 3, and 2 sets of 4
siblings (46). The study was approved by the institutional
review boards at Columbia UniversityMedical Center, NewYork,
New York; Kaiser Permanente, San Francisco, California;
Brigham and Women’s Hospital, Boston, Massachusetts; and
BrownUniversity, Providence, Rhode Island.

Baselinematernal and childhood data

At the prenatal clinic visits, study staff collected information
on maternal and paternal age at registration, prepregnancy BMI
(calculated as weight (kg)/height (m)2), weight gain during
pregnancy, smoking during pregnancy, and maternal education
at registration. Physicians diagnosed preeclampsia/toxemia at
the time of the clinic visit (for details, see previous publications
(45, 50, 51)). Gestational age was calculated by subtracting the
date of the lastmenstrual period from the date of delivery. Trained
personnel measured birth weight and birth length using standard-
ized procedures on calibrated scales (45, 49–51). In the NCPP,
trained clinical staff measured childhood height and weight at 4
months or 12 months, and at 4 years or 7 years of age (45). Serial
growth measurements were abstracted frommedical records until
the age of 5 years in theCHDS (51).

Adult data collection

Women who agreed to participate in the adult follow-up com-
pleted a computer-assisted telephone interview (46). The adult
follow-up ascertained information on sociodemographic charac-
teristics (age at mammogram, race/ethnicity), BMI (calculated
from self-reported height and weight at the time of interview
and during ages 20–29 and 30–39 years), smoking status at
the time of interview, history of alcohol intake,first degree family
history of BC, and reproductive events (age at menarche, meno-
pausal status, hormonal birth control use, and pregnancy history).

MDdata

If participants responded in the telephone interview that they
had or were planning to have a mammogram, we asked them to
report on the facility where they had or planned to have their
mammogram. Detailed information on the procurement and
assessment of the mammogram data can be found in previous
publications (46, 50). Among the 1,134 women in the sample,
87% (n = 981) had a previous mammogram or planned to obtain
a mammogram, and 91% of these participants consented to
providing their mammogram for density assessments in this
study (n = 893). Mammograms for 23 participants could not be
retrieved, 51 mammograms were of poor quality, and 119 parti-
cipants had only digital mammograms available. Because the
sensitivities for digital and film mammograms might differ, we
restricted our sample to those with film mammograms for a
final sample size of 700 women.

We assessed MD through Cumulus (Sunnybrook Health
Sciences Centre, Toronto, Canada), a computer-assisted thresh-
olding program (52). We measured total breast area (cm2), total
dense area (cm2), and % density (dense area divided by breast
area multiplied by 100). We calculated nondense (fat tissue)
area as total breast area minus total dense area. All craniocaudal
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films that were available for a participant were read in one
batch, and all films from sibling sets were read within the
same batch. Each batch included films from NCPP and CHDS
cohorts. Films were read in batches of approximately 50%, and
10% of the films had repeated readings from the same batch.
We repeated an additional 10% of films in every batch to esti-
mate batch-to-batch variability. For % density, the overall within-

batch correlation coefficient was 0.96, and the between-batch
correlation coefficient was 0.95 (46). We used measurements
from the mammogram taken closest to the date of interview
(median time interval between mammogram and date of
interview = 0.8 years, interquartile range, 0.3–1.6 years). We
used the left craniocaudal image if available and the right cra-
niocaudal if the left was unavailable (46).

Table 1. Descriptive Characteristics of Study Sample (n = 700), Early Determinants of Mammographic Density Study, United States, 1959–2008

Characteristic
Overall Sibling Subset

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

Maternal variables

Maternal age at registration, years 700 26.2 (5.9) 254 25.8 (5.5)

Paternal age at registration, years 672 29.4 (6.8) 248 29.1 (6.8)

Maternal prepregnancy BMIa 656 23.3 (3.8) 248 23.2 (4.0)

Maternal gestational weight gain, kg 675 9.2 (4.0) 249 8.7 (4.0)

Maternal education at registration

Less than high school 180 25.9 56 22.0

High-school graduate 289 41.6 112 44.1

Some college, technical/trade school, or college graduate 225 32.4 86 33.9

Prenatal smoking exposureb

Yes 272 40.1 112 45.2

No 406 59.9 136 54.8

Birth variables

Birth weight, kg 700 3.4 (0.5) 254 3.3 (0.5)

Birth length, cm 696 51.2 (3.0) 252 50.7 (3.0)

Early growth variables

Weight at 4 months, kg 700 6.4 (0.8) 254 6.2 (0.8)

Length at 4 months, cm 696 62.4 (2.9) 250 61.8 (3.2)

Weight at 1 year, kg 693 9.7 (1.3) 252 9.4 (1.3)

Length at 1 year, cm 689 73.9 (3.2) 248 73.4 (3.2)

Weight at 4 year, kg 661 16.8 (2.4) 237 16.3 (2.2)

Length at 4 year, cm 656 100.7 (4.9) 234 100.2 (4.9)

Adult variables

Race/ethnicityb

Non-Hispanic white 546 78.2 201 79.5

Non-Hispanic black 86 12.3 27 10.7

Hispanic 40 5.7 14 5.5

Non-Hispanic API and other 26 3.7 11 4.3

Weight, kg 686 75.2 (18.6) 248 75.6 (19.0)

Height, m 698 1.7 (0.1) 252 1.7 (0.1)

BMIa 686 27.5 (6.4) 248 27.7 (6.8)

Age at interview, years 700 44.1 (1.8) 254 44.0 (1.8)

Age at mammogram, years 700 43.1 (2.3) 254 43.1 (2.2)

% density 700 31.8 (18.7) 254 30.3 (19.2)

Dense area, cm2 700 35.8 (22.0) 254 33.6 (22.2)

Breast area, cm2 700 137.8 (74.0) 254 138.4 (73.0)

Abbreviations: API, Asians and Pacific Islanders; BMI, bodymass index; SD, standard deviation.
a Weight (kg)/height (m)2.
b Values do not sum to total due to missing data.
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Table 2. Multivariable Models of BirthWeight, BodyMass Index, and Early-LifeWeight Change andMammographic Density, Early Determinants of Mammographic Density Study, United
States, 1959–2008

Variable

%Density Dense Area Nondense Area

Not Adjusted for
Adult BMIa

Adjusted for Adult
BMIa

Not Adjusted for
Adult BMIa

Adjusted for Adult
BMIa

Not Adjusted for
Adult BMIa

Adjusted for Adult
BMIa

β 95%CI β 95%CI β 95%CI β 95%CI β 95%CI β 95%CI

Birth weight, kgb 1.36 −1.57, 4.30 0.96 −1.46, 3.38 3.40 0.05, 6.74 3.36 0.06, 6.66 2.97 −7.93, 13.87 5.25 −2.32, 12.82

Absolute size

BMI at 1 yearc −0.86 −1.71,−0.01 −0.48 −1.18, 0.22 −0.47 −1.37, 0.44 −0.41 −1.28, 0.46 3.50 −0.38, 7.39 0.81 −2.32, 3.93

BMI at 4 yearsd −1.57 −2.43,−0.70 −0.85 −1.62,−0.09 −0.44 −1.71, 0.83 −0.45 −1.73, 0.82 7.28 2.84, 11.71 3.05 −0.10, 6.20

BMI at 20–29 yearse −1.67 −2.01,−1.34 −0.55 −0.89,−0.20 −0.73 −1.25,−0.21 −0.66 −1.35, 0.03 8.80 6.51, 11.09 2.26 −0.05, 4.57

Relative change

Percentile rank change in weight from 0months to
4months (per 10-unit increase)c

−0.67 −1.20,−0.13 −0.41 −0.85, 0.02 −0.76 −1.34,−0.18 −0.65 −1.23,−0.07 1.94 −0.09, 3.96 0.45 −0.97, 1.87

Percentile rank change in weight from 4months to
12months (per 10-unit increase)f

−0.54 −1.33, 0.25 −0.08 −0.72, 0.55 0.31 −0.67, 1.29 0.34 −0.65, 1.33 3.23 −0.17, 6.64 0.70 −1.64, 3.03

Percentile rank change in weight from 1 year to 4
years (per 10 unit increase)g

−1.52 −2.27,−0.77 −0.82 −1.46,−0.18 −1.10 −2.00,−0.19 −1.07 −1.98,−0.16 5.77 2.88, 8.66 1.74 −0.33, 3.81

Abbreviations: BMI, body mass index; CI, confidence interval.
a Weight (kg)/height (m)2.
b Original model adjusted for age at interview, maternal prepregnancy BMI, maternal weight gain, maternal age at registration, maternal education, prenatal smoking exposure, race/ethnicity,

and adult BMI at interview.
c Adjusted for everything in original model with the addition of birth weight.
d Adjusted for everything in previousmodel with the addition of BMI at 1 year.
e Adjusted for everything in previousmodel with the addition of BMI at 4 years.
f Adjusted for everything in previous model with the addition of percentile rank change in weight from 0months to 4months.
g Adjusted for everything in previousmodel with the addition of percentile rank change in weight from 4months to 12months.
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Statistical analysis

Because children were measured at different time points in
the NCPP and CHDS, we used individual cubic interpolation
splines (49, 53) to interpolate their height and weight measure-
ments at ages 4months, 1 year, and 4 years given their observed
growth paths. We characterized childhood growth by within-
cohort percentile changes regarding weight and height
between 0 and 4 months, 4 and 12 months, and 1 and 4 years
of age. Based on the percentile weight changes, we also cate-
gorized the weight change within each age window (i.e., 0–4
months, 4–12 months, and 1–4 years of age) into 3 patterns:
rapid, stable, or slow weight change. The definition of growth
pattern is based on the Centers for Disease Control and Preven-
tion (CDC) growth chart reference percentiles (53). We defined
rapid weight change as a within-cohort percentile rank increase
of at least 1 major CDC reference percentile (5th, 10th, 25th,
50th, 75th, and 95th) of weight during the time period. We
defined stable weight as within-cohort percentile rank that
remained within one major CDC reference percentile, and
we used this as the reference group. We defined slow weight
change as a within-cohort percentile rank decrease of at
least 1 major CDC reference percentile. For example, an
increase from 10th percentile to over 25th percentile is
considered to be “rapid” weight gain; a decrease from 50th
percentile to lower than 25th percentile is considered “slow”
weight gain.

We investigated the associations between growth parameters
andMD (specifically % density, dense area, and nondense area).
We first examined the associations between birth weight and
BMI at ages 1, 4, and 20–29 years and MD using linear regres-
sion models with generalized estimating equations to account
for correlation between siblings.We then examined the associa-
tions of the percentile changes in weight from 0 to 4 months, 4
to 12 months, and 1 to 4 years with MD. We then investigated
associations between patterns of weight change in each interval
(rapid, stable, or slow) with MD. In all models, we adjusted for
age at interview, adult BMI, maternal prepregnancy BMI,
gestational weight gain, maternal age at registration, maternal
education, prenatal smoking exposure, and race/ethnicity. We
controlled for weight or weight gain measures in the same or
earlier time periods only. For example, when we estimated the
association between birth weight andMD, we did not adjust for
postnatal weight gain. But when examining the association
between weight gain from 1 to 4 years and MD, we adjusted
for birth weight, weight gain from 0 to 4 months, and weight
gain from 4 to 12 months. Final models did not adjust for birth
length or change in height in the 3 time intervals, because these
variables were not associated with MD, and their inclusion did
not appreciably change the effect estimates for birth weight and
postnatal changes in weight. To assess whether associations
between postnatal weight gain and MD differed according to
size at birth, we stratified the final adjustedweight gainmodels
by birth weight category (<3,000 grams, 3,000–3,854 grams,

Birth Weight Group
and Variable β (95% CI)

<3,000 g

Birth weight

From 0 to 4 months

From 4 to 12 months

From 1 to 4 years

3,000–3,854 g

Birth weight

From 0 to 4 months

From 4 to 12 months

From 1 to 4 years

≥3,855 g

Birth weight

From 0 to 4 months

From 4 to 12 months

From 1 to 4 years

−0.40 (−1.43, 0.63)

−0.27 (−1.80, 1.27)

−1.26 (−3.60, 1.08)

−1.45 (−3.08, 0.19)

0.40 (−0.58, 1.39)

−0.83 (−1.62, −0.04)

1.31 (−0.04, 2.67)

−1.44 (−2.74, −0.14)

−0.18 (−1.86, 1.51)

−0.20 (−1.38, 0.99)

−0.52 (−2.52, 1.49)

−0.76 (−2.36, 0.85)

−4.00 −2.00 0.00 2.00 4.00

β

Figure 1. Associations between early-life weight change and dense area (cm2) according to birth weight category, Early Determinants of Mam-
mographic Density study, United States, 1959–2008. β estimates correspond to a 100-g increase in birth weight or a 10-percentile increase in per-
centile rank change in weight from 0 months to 4 months, 4 months to 12 months, and 1 year to 4 years. Models adjusted for birth weight, percentile
change in rank in previous time periods, age at interview, maternal prepregnancy body mass index, maternal weight gain, maternal age at registra-
tion, maternal education, prenatal smoking exposure, race/ethnicity, and adult bodymass index. CI, confidence interval.
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and ≥3,855 grams). We also performed sensitivity analyses for
rapid-weight-gain models excluding infants born before 37
weeks of gestation (n = 27), infants with a birth weight below
2.5 kg (n = 37), or infants born small for gestational age,
defined as infants below the within-cohort 10th percentile of
birth weight divided by gestational age (n = 70).

We performed a difference-in-difference analysis within sib-
ling sets to examine the associations between birth weight and
percentile rank change in weight from 0 to 4 months, 4 to 12
months and 1 to 4 years and MD, controlling for family-level
confounding such as socioeconomic status. In families with
more than 2 siblings with available MD data, we chose 2 sib-
lings at random for a total of 116 sibling sets (n = 232 indivi-
duals) in models with adjustments. For each sibling pair, we
calculated their difference in MD (i.e., subtracting the lower
MD measure from the higher MD), and measured the within-
sibling differences in birth weight and weight changes accord-
ingly. We then modeled the association between differences
in growth parameters and difference in MD, while controlling
for the differences in age, gestational weight gain, maternal
age at pregnancy, andBMI at interview.MDoutcomes,%density,
dense area, and nondense area were modeled separately. We also
stratified by the BMI difference between siblings (n = 80 sibling
pairs with aBMI difference≥2.5 and n = 36 pairs with aBMI dif-
ference<2.5) (54).

Participants with missing data on either the size or growth
measures or covariates were excluded from relevant models.
We performed sensitivity analyses excluding participants with
any missing data from all analyses, yielding similar results
(Web Table 1, available at https://academic.oup.com/aje).

RESULTS

Descriptive characteristics of the EDMD cohort and sibling
subset are presented in Table 1. The overall cohort was primarily
non-Hispanic white (78%). The mean age at interview was 44.1
years (range, 39–49 years), and the mean age at mammogram
was 43.1 years (range, 30–48 years).

Age-specific weight

Birth weight was positively associated with dense area (per
1-kg increase in birth weight, β = 3.36, 95% confidence inter-
val (CI): 0.06, 6.66) (Table 2). Postnatal BMI was negatively
associated with % density beginning at age 4 years (β = −0.85,
95% CI: −1.62, −0.09) and lasting into ages 20–29 years (β =
−0.55, 95%CI:−0.89,−0.20).

Weight gain

Faster weight gain from 0 to 4 months was negatively
associated with % density and dense area (per 10-unit
increase in weight percentile, β = −0.41, 95% CI: −0.85,
0.02 and β = −0.65, 95% CI: −1.23, −0.07, respectively)
(Table 2). Faster weight gain from 1 to 4 years was negatively
associated with % density and dense area (per 10-unit increase
in weight percentile, β = −0.82, 95% CI: −1.46, −0.18 and
β = −1.07, 95% CI: −1.98, −0.16, respectively), but it was
positively associated with nondense area (Table 2). When we
stratified by birth weight, the increase in dense area from rapid
weight gain from 4 to 12 months was limited to average-

Table 3. Multivariable Models of Early-LifeWeight Patterns andMammographic Density, Early Determinants of Mammographic Density Study,
United States, 1959–2008

Age Period and Speed
ofWeight Gain No.

%Density Dense Area Nondense Area

β 95%CI β 95%CI β 95%CI

0months to 4monthsa

Rapidb 242 −0.50 −3.50, 2.50 −5.66 −10.08,−1.24 −3.74 −13.61, 6.14

Stablec 154 0 Referent 0 Referent 0 Referent

Slowd 218 1.52 −1.57, 4.60 −0.55 −5.46, 4.37 −3.19 −13.08, 6.71

4months to 12monthse

Rapidb 162 −0.61 −3.67, 2.45 3.03 −1.33, 7.39 3.63 −6.16, 13.43

Stablec 277 0 Referent 0 Referent 0 Referent

Slowd 169 −1.34 −4.08, 1.40 0.23 −3.71, 4.16 1.81 −8.25, 11.86

1 year to 4 yearsf

Rapidb 177 −0.43 −3.50, 2.64 −2.58 −7.00, 1.83 −0.01 −10.58, 10.57

Stablec 220 0 Referent 0 Referent 0 Referent

Slowd 181 1.29 −1.58, 4.16 0.36 −3.94, 4.66 −6.02 −15.28, 3.25

Abbreviations: BMI, bodymass index; CDC, Centers for Disease Control and Prevention; CI, confidence interval.
a Original model adjusted for birth weight, age at interview, maternal prepregnancy BMI, maternal weight gain, maternal age at registration,

maternal education, prenatal smoking exposure, race/ethnicity, and adult BMI at interview.
b Rapid weight gain was defined as an increase of at least 1 major CDC reference percentile (5th, 10th, 25th, 50th, 75th, 95th) relative to stable.
c Stable weight gain was defined as staying within 1major CDC reference percentile.
d Slowweight gain was defined as a decrease of at least 1 major CDC reference percentile (5th, 10th, 25th, 50th, 75th, 95th) relative to stable.
e Adjusted for everything in original model with the addition of weight pattern from 0months to 4months.
f Adjusted for everything in previousmodel with the addition of weight pattern from 4months to 12months.
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weight babies (3,000–3,854 g: β = 1.31, 95% CI: −0.04,
2.67) (Figure 1). Table 3 shows the associations between
birth weight, rapid weight gain (defined as an increase of at
least 1 major CDC percentile), and dense area. In general,
this alternative categorical classification of growth results
was consistent with that shown in Table 2. In addition, find-
ings were similar when we excluded preterm, low-birth-
weight, or small-for-gestational-age infants (Figure 2), further
supporting that infants who were very small at birth do not
drive the associations observed for dense area.

Results of sibling analysis

The overall patterns of these associations with MD (posi-
tive for birth weight and negative for postnatal weight gain)
were similar in siblings (Table 4). There were some differ-
ences, however, when we stratified by sibling discordancy in
BMI in adulthood. For example, birth weight was positively
associated with dense area in all sibling pairs (for 1-kg differ-
ence in birth weight, β = 7.27, 95% CI: −0.12, 14.67), but
this association was stronger in magnitude in the majority of
siblings (80/116 sets) that differed in adult BMI (BMI differ-
ence >2.5) (β = 11.80, 95% CI: 1.63, 21.98).

Contribution of adult BMI

Associations between infant weight gain and dense area
are largely independent of BMI in adulthood as evident from
the point estimates adjusted and not adjusted for adult BMI
in the overall cohort (Table 2) and sibling analysis (Table 4).

DISCUSSION

This study extends the previous literature by supporting both a
positive association between higher birth weight andMD, specif-
ically dense area, and a negative association between faster infant
and childhood weight gain and MD. These associations were
observed for both % density and the absolute amount of dense
area, and demonstrate that the consistently reported negative
association between adolescent body size and MD starts much
earlier in the life course. The results were also consistent with
and without adjustment for adult BMI, which is viewed as neces-
sary to properlymake inference aboutMD as a construct (55).

In addition to these key findings, we observed a positive asso-
ciation between rapid weight gain in later infancy and dense area
that was limited to average-birth-weight babies. The infant period
is a period associated with an activation of the hypothalamic-
pituitary-gonadal axis, termed “minipuberty” (42). During

Variable and Subset β (95% CI)

Birth weight

Excluding LBW

Excluding SGA

Excluding preterm

From 0 to 4 months

Excluding LBW

Excluding SGA

Excluding preterm

From 4 to 12 months

Excluding LBW

Excluding SGA

Excluding preterm

From 1 to 4 years

Excluding LBW

Excluding SGA

Excluding preterm

4.56 (0.55, 8.57)

4.14 (−0.38, 8.66)

3.35 (−0.18, 6.87)

−5.34 (−10.01, −0.66)

−5.62 (−10.49, −0.75)

−5.85 (−10.35, −1.35)

2.66 (−1.90, 7.22)

2.96 (−1.85, 7.77)

3.43 (−1.05, 7.91)

−2.57 (−7.13, 1.99)

−3.44 (−8.21, 1.34)

−2.48 (−7.02, 2.06)

−12.00 −8.00 −4.00 0.00 4.00 8.00 12.00

β

Figure 2. Sensitivity analyses for the association between birth weight, rapid weight gain, and dense area (cm2), Early Determinants of Mam-
mographic Density study, United States, 1959–2008. Low birth weight (LBW) was defined as less than 2.5 kg; being small for gestational age
(SGA) was defined as below the 10th percentile of within-cohort birth weight/gestational age; and preterm was defined as less than 37 weeks’
gestational age. β estimate for birth weight corresponds to a 1-kg increase. Rapid weight gain was defined as an increase of at least 1 major Cen-
ters for Disease Control and Prevention reference percentile (5th, 10th, 25th, 50th, 75th, 95th) relative to stable (staying within 1 major reference
percentile). Models adjusted for birth weight, weight gain pattern in previous time periods, maternal prepregnancy body mass index, maternal
weight gain, maternal age at registration, maternal education, prenatal smoking exposure, race/ethnicity, and adult body mass index. CI, confi-
dence interval.
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Table 4. Relationships Between Difference in BirthWeight, Weight Change, andMammographic Density in 116 Sibling Pairs, Early Determinants of Mammographic Density Study, United
States, 1959–2008

Variable and Subset

%Density Dense Area Nondense Area

Not Adjusted for
Adult BMIa

Adjusted for Adult
BMIa

Not Adjusted for Adult
BMIa

Adjusted for Adult
BMIa

Not Adjusted for Adult
BMIa Adjusted for Adult BMIa

No. β 95%CI β 95%CI β 95%CI β 95%CI β 95%CI β 95%CI

All sibling pairs 116

Birth weight, kgb 1.07 −4.48, 6.62 0.52 −5.10, 6.13 7.23 −0.25, 14.71 7.27 −0.12, 14.67 −8.09 −27.85, 11.68 −6.80 −26.13, 12.53

Percentile rank change in weight, 0
months to 4months (per 10-units
higher)c

0.08 −0.62, 0.78 0.00 −0.65, 0.65 −0.37 −1.20, 0.46 −0.37 −1.19, 0.45 −3.17 −5.88,−0.46 −2.37 −4.78, 0.04

Percentile rank change in weight, 4
months to 12months (per 10-units
higher)d

−0.22 −1.41, 0.96 −0.15 −1.25, 0.95 −0.69 −1.94, 0.57 −0.70 −1.95, 0.56 1.24 −3.49, 5.97 1.52 −2.55, 5.60

Percentile rank change in weight, 1
year to 4 years (per 10-units
higher)e

−0.36 −1.33, 0.62 −0.07 −0.91, 0.77 −0.20 −1.60, 1.19 −0.29 −1.72, 1.14 2.75 −1.31, 6.81 1.47 −2.13, 5.07

Sibling pairs with BMI difference of≥2.5 80

Birth weight, kgb 0.30 −7.00, 7.61 0.49 −6.90, 7.88 11.73 1.38, 22.08 11.80 1.63, 21.98 −21.54 −46.45, 3.37 −23.13 −46.68, 0.42

Percentile rank change in weight, 0
months to 4months (per 10-units
higher)c

0.14 −0.86, 1.13 0.14 −0.75, 1.04 −0.24 −1.48, 1.00 −0.23 −1.46, 0.99 −3.16 −7.15, 0.84 −3.18 −6.60, 0.24

Percentile rank change in weight, 4
months to 12months (per 10-units
higher)d

−0.79 −2.47, 0.90 −0.61 −2.22, 1.00 −0.57 −2.22, 1.09 −0.59 −2.25, 1.07 1.67 −4.66, 8.01 2.08 −3.46, 7.62

Percentile rank change in weight, 1
year to 4 years (per 10-units
higher)e

−0.45 −1.55, 0.65 −0.16 −1.12, 0.80 0.17 −1.26, 1.61 0.06 −1.43, 1.54 2.30 −2.39, 7.00 1.19 −3.05, 5.43

Sibling pairs with BMI difference of<2.5 36

Birth weight, kgb −1.48 −8.41, 5.46 −2.33 −9.77, 5.11 −2.66 −14.18, 8.87 −2.36 −14.88, 10.16 15.55 −4.87, 35.98 16.37 −2.98, 35.73

Percentile rank change in weight, 0
months to 4months (per 10-units
higher)c

−0.49 −1.40, 0.42 −0.62 −1.54, 0.31 −0.60 −1.49, 0.30 −0.58 −1.50, 0.35 −1.04 −3.86, 1.79 −0.91 −3.92, 2.10

Percentile rank change in weight, 4
months to 12months (per 10-units
higher)d

0.90 −0.52, 2.31 0.74 −0.68, 2.17 −0.64 −2.31, 1.03 −0.61 −2.28, 1.05 −0.54 −4.91, 3.84 −0.45 −4.86, 3.97

Percentile rank change in weight, 1
year to 4 years (per 10-units
higher)e

0.57 −1.25, 2.40 0.48 −1.42, 2.38 −1.21 −4.16, 1.75 −1.20 −4.18, 1.78 0.54 −4.52, 5.59 0.58 −4.58, 5.74

Abbreviations: BMI, body mass index; CI, confidence interval.
a Weight(kg)/height(m)2.
b Original model adjusted for within-pair differences in age at interview, maternal weight gain, maternal age at registration, and adult BMI at interview.
c Adjusted for everything in original model with the addition of within-pair difference in birth weight.
d Adjusted for everything in previousmodel with the addition of within-pair difference in weight gain from 0months to 4months.
e Adjusted for everything in previousmodel with the addition of within-pair difference in weight gain from 4months to 12months.
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“minipuberty,” follicle-stimulating hormone and luteinizing
hormone both increase in early infancy and peak at 1–3months.
While luteinizing hormone decreases by 6–9 months, follicle-
stimulating hormone levels are elevated until ages 3–4 years.
Estradiol levels fluctuate during the first year and then decrease
(42). Estradiol levels have been positively associated with
breast tissue size in 3-month-old female infants (56). Thus, this
might suggest that growth during the later infant period, starting
around 4 months, has a positive association withMD given that
this is when endogenous hormone levels are elevated andmight
be stimulating infant breast tissue development (41, 42, 56).
Unlike large-birth-weight babies, who are more likely to experi-
ence “catch down” growth, average-birth-weight babies who
grow rapidly in later infancy might have increases in dense
area.

While we observed a negative association between weight
gain from 0 to 4months andMD, a nested case-control study of
growth patterns from birth to up to 21 days found that infants
who lost more than 200 g after delivery and those that gained
weight at a rate ≥25 g/day after this initial loss both were at an
increased risk of BC compared with infants who lost less
weight and grew more slowly (57). Rapid infant weight gain
has also been shown to accelerate age at menarche, a risk fac-
tor for BC (49, 58–62). Early age at menarche, however, has
been associated with lower MD as seen in a recent study of
more than 20,000women, which is consistent with our finding
of rapid infant weight gain lowering MD (63). Earlier age at
menarche might be associated with increased BC risk through
a pathway that is not mediated by MD (64). More research is
needed to examine whether MD has opposing patterns with
weight gain in infancy than other BC risk factors and whether
infant weight gain affects BC risk through multiple, poten-
tially opposing, pathways.

The positive association observed between birth weight and
dense area and the negative association observed for early infant
and childhood weight gain and dense area was independent of
adult BMI, as shown by the similarity of analyses with and with-
out adjustment for adult BMI. The independence of these asso-
ciations from adult BMI has also been found in other studies of
birth weight, later-childhood body size, and MD (34, 65).
For example, a nested case-control study of 1,105 mostly
postmenopausal women within the Breakthrough Generations
Study examined the association between recalled weight at
ages 7 and 11 years relative to peers with MD derived from
screening mammograms (65). Weight at ages 7 and 11 years was
negatively associated with % density and absolute dense area
andwas positively associatedwith absolute nondense area. These
associations were similar with and without adjustment for adult
BMI. Understanding the complex associations between early-life
weight gain and MD is important given studies suggest that MD
plays a large role in mediating the role between adolescent body
size andBC risk (38, 64, 66).

Studies of breast density through additional measures includ-
ing magnetic resonance imaging (MRI) and dual-energy x-ray
absorptiometry prior to the age when mammography is rou-
tinely used help shed some light. For example, in the Dietary
Intervention Study in Children, childhood BMI z scores mea-
sured at ages 9–16 years were negatively associated with both
% breast density and absolute dense breast volume as mea-
sured by MRI at ages 25–29 years (67). BMI and % body fat

were also negatively associated with % fibroglandular volume as
assessed by dual-energy x-ray absorptiometry in a study of 113
girls ages 10–16 years from Kaiser Permanente Hawaii (68).
Even though other studies of MD have not looked at infant
growth, a recent study examining growth trajectories from birth
through adolescence and breast tissue composition as assessed
byMRI inwomen at age 21 years observed a positive association
between birth weight and MRI % water and inverse associations
between pubertal weight growth and % body fat mass in adoles-
cence andMRI%water (69). This analysis supported an associa-
tion for later childhood and adolescent growth and MRI density
measures but was consistent with our findings before adjusting
for these later-life measures (70). Thus, while growth trajectories
in adolescence might exert a stronger influence on breast tissue
composition, this does not preclude a role for infant growth, as
we observed in this analysis.

A key strength of our study was that the early-life body size
measurements were prospectively collected. Many studies of
later childhood and adolescent body size and MD have relied on
retrospective reporting of somatotypes (33), with a few key ex-
ceptions (e.g., the Tasmanian Longitudinal Health Study, which
had prospective measures of body size from ages 7 to 15 years
(55)). Another key strength of our study was the ability to exam-
ine the overall patterns in the entire cohort and the sibling subset,
which largely suggested similar patterns, indicating that family-
level factors shared by the siblings such as socioeconomic status
did not confound these associations. The consistency between the
findings in the sibling analyses and the overall cohort strengthen
the overall inferences, but we recognize that even sibling analyses
might be confounded by nonshared factors (71). We were also
limited by primarily assessing density at a single time point in
middle age and the use of an observer-dependent method to
assess density, although the within- and between-batch reliabil-
ity was excellent (≥0.95). Also, our findings were consistent
with and without adjustment for adult BMI, which might have
moremeasurement error because it was self-reported.

In conclusion, our study provides further support that the
negative association between adolescent body size and breast
density has origins in growth starting as early as the first few
months of life. Our findings emphasize the importance of
considering these early life growth parameters when inves-
tigating mechanisms and predictors of MD and BC risk.
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