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Abstract Mammographic density (MD) is a strong risk

factor for breast cancer, but the biological mechanism

underlying this association is not clear. Current adult body

mass index (BMI) is inversely associated with percent MD;

however, few studies have included Hispanic women or

evaluated associations with measures of body fatness ear-

lier in life. ESMaestras was established in 2006, when

28,345 women ages C35 responded to a detailed ques-

tionnaire that assessed possible disease risk factors,

including body fatness in childhood, adolescence, and

young adulthood. In 2007, 2084 ESMaestras participants

underwent a clinical examination, which included mea-

surements of weight, height, and sitting height and a

mammogram. We measured percent MD using a computer-

assisted method. The current analysis includes 972 pre-

menopausal and 559 postmenopausal women. We used

multivariable linear regression to evaluate associations

between measures of body size and MD, independent of

current BMI. Among pre- and postmenopausal women, we

observed no significant associations between body fatness

during childhood, adolescence, or young adulthood and

percent MD. Among postmenopausal women, we observed

a modest positive association between body fatness

immediately before first pregnancy and between ages 25

and 35 after adjustment for current BMI, with differences

of 4.9 and 3.6 % points, respectively, in percent MD

between the heaviest and leanest women (p-trend = 0.02).

There were no significant associations between height,

sitting height, and percent MD among pre- or postmeno-

pausal women in multivariable models adjusting for BMI.

In general, we found no clear associations between mea-

sures of body size in early life, current sitting height, or

current height, and percent MD, after adjusting for current

BMI, in this population of Mexican women. Our obser-

vation of a positive association between early adult body

fatness (i.e., before first pregnancy and ages 25–35) and

percent MD among postmenopausal women is inconsistent

with prior research and requires confirmation in other

studies.
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Introduction

Percent mammographic density (MD) refers to the pro-

portion of fat and epithelial and stromal tissue in the breast

and is a strong independent predictor of breast cancer risk

[1]. Fat tissue is radiolucent and appears dark on a mam-

mogram, while epithelium and stroma are both radiodense

and appear light on a mammogram [2]. The mechanism by

which percent MD influences cancer risk is unknown, but

mammographically dense tissue may reflect epithelial

proliferation and stromal fibrosis in response to growth

factors [3].

Adult obesity is associated with increased risk of post-

menopausal breast cancer and decreased risk of premeno-

pausal breast cancer [4] while body fatness in childhood

and adolescence has been associated with reduced risk of

both pre- and postmenopausal breast cancer, independent

of adult body mass index (BMI) [5–13]. These associations

may be mediated, at least in part, through MD. In partic-

ular, body fatness in childhood and adolescence has been

inversely associated with percent MD in adulthood [14, 15]

and adjustment for percent MD attenuates associations

between body fatness and breast cancer risk [16]. There is

consistent epidemiologic evidence that current BMI is

inversely associated with percent MD [17, 18]; however,

fewer studies have focused on the role of body size earlier

in life [14–16, 19–21] and none have evaluated early life

body size and MD among Mexican women separately.

Given that the prevalence of overweight and obesity in

Mexico has increased dramatically in recent years [22]

while breast cancer mortality has risen [23], understanding

the potential impact of body fatness on risk factors for

breast cancer, including MD, in this population is of critical

public health importance [24]. Therefore, we evaluated

associations between childhood and adolescent body fat-

ness and other anthropometric variables with MD among

pre- and postmenopausal women in Mexico.

Methods

Study population

The ESMaestras cohort has been described in detail pre-

viously [25]. Briefly, ESMaestras was formed when 28,345

female teachers aged 35 years and over in the Mexican

states of Jalisco and Veracruz replied to a baseline ques-

tionnaire in 2006. In 2007, a subsample of 2,084 ESMae-

stras teachers participated in a clinical evaluation that

included an interview, anthropometry, and mammography.

For this analysis, 1,707 participants had MD measure-

ments available. We excluded 83 women with unknown

menopausal status at the time of their mammogram. We

further excluded an additional 65 postmenopausal women

who were on hormone replacement therapy at the time of

their mammogram due to the known impact of hormone

use on MD [26] as well as six women with incomplete

information on BMI. Finally, we excluded 22 women who

reported a prior breast cancer diagnosis. Our final analytic

sample comprised 972 premenopausal and 559 postmeno-

pausal women. Informed consent was obtained from all

participants and the study was approved by the human

research committee at the National Institute of Public

Health in Mexico.

Body size

On the 2006 self-administered questionnaire, ESMaestras

participants were asked to select the silhouette (i.e.,

somatotype) that best represented their body fatness at the

following ages: before menarche, 2 years after menarche,

between 18 and 20 years of age, just before their first

pregnancy, and between 25 and 35 years of age based on a

9-level figure drawing (Fig. 1). The validity of this expo-

sure measure has been demonstrated: among older indi-

viduals in another population of women, the correlations

between recalled somatotype and BMI measured at

approximately the same ages generally ranged from 0.60 to

0.75 [27]. Among pre- and postmenopausal women in this

study, the correlations between the current somatotype and

current BMI were high (r = 0.71 and 0.63, respectively;

p \ 0.01). During the clinical evaluation, trained study

staff measured participants’ height, sitting height, and

weight. Study personnel measured weight using an elec-

tronic digital scale (Tanita Corp, Japan) to the nearest

0.1 kg and height using a wall stadiometer (Seca Corp.,

Hanover, MD, USA) to the nearest centimeter. Sitting

height was calculated by measuring from the head vertex to

the floor and subtracting 45 cm for the height of the chair

seat.

Mammographic density

A radiology technician performed mammography using the

Giotto Image M (Internazionale Medico Scientifica,

Bologna, Italy) in Jalisco and the Hologic Lorad M-III

(Hologic, Bedford, MA, USA) in Veracruz. Mammograms

were developed using the Agfa CP1000 (Agfa-Gevaert

Group, Belgium) developer. Craniocaudal views were

taken on each breast. An Astra 2400S scanner (Umax,

Fremont, CA, USA) was used to digitize the mammo-

grams. A single observer measured MD on the left cra-

niocaudal view using Mamgr, a computer-assisted program

developed at the Department of Epidemiology and Popu-

lation Health, London School of Hygiene and Tropical
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Medicine [28–30]. This thresholding software measures

total area as well as total dense area on a mammogram. We

calculated percent MD by dividing the dense area by the

total area as well as non-dense area by subtracting the

dense area from the total area. The Mamgr observer was

blinded to early life body size, height, and sitting height. In

a reliability study of 100 ESMaestras mammograms, the

intraclass correlation coefficient between MD measure-

ments evaluated using the Mamgr software versus the

Cumulus program developed at the University of Toronto

was 0.87. In 108 duplicate mammograms, the intraobserver

ICC was 0.84.

Covariate data

From the 2006 self-administered questionnaire, we

obtained information on age at menarche, parity, age at first

birth, breastfeeding, family history of breast cancer, per-

sonal history of benign breast disease (BBD), hormonal

contraceptive use, smoking status, alcohol consumption,

physical activity, whether AmerIndian language was spo-

ken by the participant or her parents, and past postmeno-

pausal hormone (PMH) use (postmenopausal women only).

Age was calculated based on the date of the clinical visit

and BMI was defined as measured weight (kg) divided by

measured height squared (m2) during the clinical visit or

based on the 2006 self-report when clinical visit data were

unavailable.

Statistical analysis

We used multivariable linear regression to estimate the

associations between percent MD and height, sitting height

as well as body fatness at the following ages: before

menarche, 2 years after menarche, between 18 and

20 years of age, just before their first pregnancy, and

between 25 and 35 years of age. In secondary analyses, we

also evaluated associations of body fatness with natural

logarithm-transformed absolute dense and non-dense area

in separate models. For each body size measure, we cate-

gorized the exposures into four categories; extreme cate-

gories were collapsed as necessary due to small samples

sizes. Separate analyses were performed for pre- and

postmenopausal women. In multivariable models, we

adjusted for age (continuous), state (Veracruz, Jalisco), age

at menarche (\12, 12, 13, 14?), parity (nulliparous, 1, 2, 3,

4?), age at first birth (\25, 25?), breastfeeding (never,

\12 months, 12? months), family history of breast cancer

(no, yes), history of BBD (no, yes), hormonal contraceptive

use (never, ever), smoking status (never, past, current),

alcohol consumption (none, any), physical activity (low,

medium, high), whether an AmerIndian language were

spoken by the participant or her parents (no, yes), and,

among postmenopausal women, past PMH use (no, yes).

Missing indicators were included as appropriate. In our

final models, we additionally adjusted for current BMI

(continuous) because our primary interest was the associ-

ation of early life body size with MD, independent of

current BMI. Results from multivariable models without

current BMI were generally similar to those from models

that adjusted for age and state alone, so age and state-

adjusted models are not presented. To test for linear trend,

we modeled categories of somatotype, height, and sitting

height as an ordinal score variable; while current BMI was

modeled continuously for tests of trend. To evaluate pos-

sible effect modification, we further stratified analyses by

state and tested for statistical interaction by modeling the

cross-product of state and somatotype as an ordinal

Fig. 1 Questionnaire item on

body size at various ages

(ESMaestras 2006)
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variable (Wald test). In posthoc analyses, we also evaluated

possible effect modification of the association between

body fatness in young adulthood by current BMI (\30 vs.

30? kg/m2) among postmenopausal women. All analyses

were conducted using SAS version 9.2 (SAS Institute,

Cary, NC, USA).

Results

Among premenopausal women, those with high percent

MD were more likely to be younger, have a lower current

BMI, drink alcohol, have a history of BBD, and to be a

never smoker (Table 1). Among parous women, those with

denser breasts were more likely to have ever breastfed.

Among postmenopausal women, those with high percent

MD were more likely to have a lower current BMI and

have a history of BBD, but were less likely to ever have

used oral contraceptives (Table 1). Overall, women from

Jalisco had 5 % point higher percent MD compared to

women from Veracruz, even after adjusting for known

predictors of percent MD.

As expected, current BMI was strongly inversely asso-

ciated with percent MD in both pre- and post-menopausal

women in this study population (p-trend \ 0.01; Tables 2

and 3). Among premenopausal women, there were no

significant trends in the associations between body fatness

at any earlier age, height, or sitting height and percent MD

(Table 2). Women with the heaviest somatotypes 2 years

after menarche had 3.5 % point higher percent MD com-

pared to the leanest women, after adjusting for current BMI

(difference between extreme categories: 3.5, 95 % CI:

0.37, 6.6); however, this difference was modest and there

was no evidence of a linear trend (p = 0.11). Results from

multivariable models that did not adjust for current BMI

also suggested that body fatness between ages 25 and 35

was inversely associated with percent MD (difference

between extreme categories: -3.4, 95 % CI: -5.8, -0.98;

p-trend = 0.01); however, further adjustment for current

BMI rendered this association null (p-trend = 0.97)

(Table 2).

Among postmenopausal women, there was a modest

positive association between body fatness immediately

before first pregnancy and at ages 25–35 in multivariable

models including adjustment for current BMI [difference

between extreme categories: 4.9; 95 % CI: 1.1, 8.7 (p-

trend = 0.02) and 3.6; 95 % CI: 0.46, 6.7 (p-trend = 0.02),

respectively]. No other associations between body fatness

in childhood or adolescence or current height/sitting height

with percent MD were observed (Table 3).

Since the positive associations between somatotype

prior to pregnancy and at ages 25–35 and percent MD

among postmenopausal women were unexpected, we

further stratified these analyses by current BMI to deter-

mine whether the association was modified by current body

fatness. Positive associations were noted among both non-

obese (i.e., BMI \ 30) and obese (i.e., BMI C 30 kg/m2)

postmenopausal women (all p-interaction C 0.05). In

addition, the associations between body size at any age,

height, sitting height, and percent MD did not vary sig-

nificantly by state (all p-interaction C 0.08).

Finally, we considered anthropometric measures in

relation to absolute dense breast area and absolute non-

dense breast area in separate analyses. Among premeno-

pausal women, current BMI was positively associated with

absolute dense and non-dense area (p-trend \ 0.01). No

associations, independent of current BMI and non-dense

area, between any of the somatotype or height measures

and absolute dense area were observed in premenopausal

women. Similarly, in these women there were no associa-

tions between early life somatotype and absolute non-dense

breast area in multivariable models that adjusted for current

BMI and dense area, with the exception of somatotype at

ages 25–35, for which a modest positive association

was noted (p-trend = 0.04). Height was also associated

with absolute non-dense area in premenopausal women

(p-trend = 0.01) (Supplementary Table 1). Among post-

menopausal women, current BMI was significantly posi-

tively associated with both dense and non-dense area (p-

trend B 0.03). Similar to our findings for percent MD,

somatotype immediately before pregnancy and at ages

25–35 were positively associated with absolute dense

breast area among postmenopausal women, independent of

current BMI and absolute non-dense area. There were no

associations between somatotype at any age, height, or

sitting height and absolute non-dense area, independent

of current BMI and dense area, among postmenopausal

women (Supplementary Table 2).

Discussion

Consistent with the epidemiologic literature [17, 18], we

observed an inverse association between current BMI and

percent MD in this population of Mexican women. In

addition, we did observe a modest positive association

between body fatness in early adulthood (i.e., before first

pregnancy and at ages 25–35) and percent MD among

postmenopausal women independent of current BMI.

However, there were no clear associations between mea-

sures of body size in childhood or adolescence (i.e., pre-

menarche, post-menarche, or ages 18–20), current sitting

height, or current height, and percent MD, after adjusting

for current BMI, in pre- and postmenopausal Mexican

women.
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Recent evidence suggests that early life exposures may

be particularly relevant for breast cancer risk [31]. Indeed,

several epidemiologic studies have shown that heavier

body size in childhood and adolescence is associated with

reduced breast cancer risk later in life [5–13]. Several

studies have also suggested that body fatness in childhood

and adolescence is associated with lower percent MD later

in life [14–16, 19–21]. In the US Nurses’ Health Study

Table 1 Selected lifestyle and reproductive factors by quartile of percent mammographic density and menopausal status (EsMaestras 2006)

Percent

mammographic

density

Premenopausal Postmenopausal

Quartile 1

(\26 %)

N = 244

Quartile 2

(26–38 %)

N = 242

Quartile 3

(38–47 %)

N = 243

Quartile 4

(47? %)

N = 243

Quartile 1

(\18 %)

N = 140

Quartile 2

(18–26 %)

N = 140

Quartile 3

(26–36 %)

N = 140

Quartile 4

(37? %)

N = 139

Mean (SD)

Age (years) 43.8 (4.4) 43.2 (4.0) 43.5 (4.2) 42.6 (3.8) 53.7 (5.7) 54 (5.4) 53.5 (5.3) 53.1 (5.0)

BMI (kg/m2) 29.8 (5.5) 28.2 (4.9) 28.0 (5.0) 27.6 (5.1) 30.9 (5.6) 28.9 (4.9) 28.6 (4.9) 28.3 (4.6)

Height (cm) 155.7 (6.0) 155.6 (6.0) 155.4 (5.7) 156.1 (6.0) 153.1 (5.9) 153.8 (6.0) 154.3 (6.1) 155.1 (6.1)

Sitting height

(cm)

84.3 (3.3) 84.3 (4.4) 84.3 (3.0) 84.4 (5.6) 82.9 (3.7) 83.9 (3.4) 83.7 (3.3) 83.9 (3.2)

Age at menarche 12.5 (1.5) 12.5 (1.5) 12.5 (1.4) 12.7 (1.5) 12.6 (1.6) 12.4 (1.7) 12.7 (1.6) 12.8 (1.7)

Parity (among

parous)

2.4 (1.0) 2.4 (1.0) 2.5 (1.0) 2.4 (1.0) 2.6 (1.1) 2.6 (1.2) 2.7 (1.4) 2.6 (1.3)

N (Percent)

Family history

of breast

cancer

10 (4.1) 13 (5.4) 13 (5.3) 13 (5.3) 7 (5.0) 11 (7.9) 9 (6.4) 11 (7.9)

History of BBD 21 (8.6) 35 (14.5) 34 (14.0) 42 (17.3) 11 (7.9) 13 (9.3) 19 (13.6) 19 (13.7)

AmerIndian

language

16 (6.6) 8 (3.3) 10 (4.1) 7 (2.9) 10 (7.1) 5 (3.6) 6 (4.3) 2 (1.4)

Nulliparous 30 (12.9) 22 (9.6) 32 (13.7) 33 (14.2) 13 (10.0) 16 (12.0) 27 (20.0) 18 (13.7)

Age at first birth (among parous)

\25 95 (48.0) 109 (53.7) 98 (48.8) 101 (52.1) 57 (49.1) 55 (47.8) 54 (50.0) 54 (48.6)

25? 103 (52.0) 94 (46.3) 103 (51.2) 93 (47.9) 59 (50.9) 60 (52.2) 54 (50.0) 57 (51.4)

Breast feeding

Never breastfeed 28 (14.1) 29 (14.4) 25 (12.5) 11 (5.6) 17 (15) 22 (19.3) 17 (16.0) 20 (18)

\12 months 83 (41.9) 92 (45.8) 90 (45.0) 77(39.3) 54 (47.8) 41 (36.0) 41 (38.7) 50 (45.0)

12? months 87 (43.9) 80 (39.8) 85 (42.5) 108 (55.1) 42 (37.2) 51 (44.7) 48 (45.3) 41 (36.9)

Hormonal contraceptives

Never 118 (50.2) 101 (43.5) 116 (49.6) 114 (48.1) 60 (43.8) 61 (46.2) 70 (54.3) 73 (55.7)

Ever 117 (49.8) 131 (56.5) 118 (50.4) 123 (51.9) 77 (56.2) 71 (53.8) 59 (45.7) 58 (44.3)

Smoking

Never 147 (67.1) 142 (67.9) 154 (70.0) 164 (74.9) 91 (77.8) 89 (73.0) 82 (71.3) 85 (70.8)

Past 50 (22.8) 36 (17.2) 38 (17.3) 28 (12.8) 15 (12.8) 8 (6.6) 11 (9.6) 15 (12.5)

Current 22 (10.0) 31 (14.8) 28 (12.7) 27 (12.3) 11 (9.4) 25 (20.5) 22 (19.1) 20 (16.7)

Alcohol

None 78 (35.5) 60 (27.1) 60 (26.4) 57 (25.9) 46 (36.2) 36 (27.7) 31 (24.4) 42 (34.4)

Any 142 (64.5) 161 (72.9) 167 (73.6) 163 (74.1) 81 (63.8) 94 (72.3) 96 (75.6) 80 (65.6)

Physical activity

Low 66 (27.0) 59 (24.5) 65 (26.9) 62 (25.7) 52 (37.1) 54 (39.1) 45 (32.6) 47 (34.1)

Medium 95 (38.9) 96 (39.8) 87 (36.0) 89 (36.9) 46 (32.9) 46 (33.3) 55 (39.9) 47 (34.1)

High 83 (34.0) 86 (35.7) 90 (37.2) 90 (37.3) 42 (30.0) 38 (27.5) 38 (27.5) 44 (31.9)

PMH use

Never – – – – 99 (72.3) 97 (70.8) 100 (76.3) 94 (70.1)

Past – – – – 38 (27.7) 40 (29.2) 31 (23.7) 40 (29.9)
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Table 2 Difference in percent mammographic density by body size in premenopausal women (ESMaestras 2006)

Current body mass index (BMI), kg/m2

BMI 18.5–24.9 BMI 25–29.9 BMI 30? p-trend

(N = 272) (N = 379) (N = 319)

Model 1a Ref. 22.4 (24.6, 20.22) 24.7 (27.1, 22.4) <0.01

Somatotype before menarche

Type 1 Type 2 Type 3 Type 4? p-trend

(N = 388) (N = 191) (N = 190) (N = 153)

Model 1a Ref. -0.55 (-3.0, 1.9) 0.10 (-2.3, 2.5) -2.0 (-4.7, 0.68) 0.27

Model 2b Ref. 0.24 (-2.2, 2.7) 1.3 (-1.1, 3.8) 0.49 (-2.3, 3.3) 0.47

Somatotype 2 years after menarche

Type 1 Type 2 Type 3 Type 4? p-trend

(N = 138) (N = 292) (N = 269) (N = 216)

Model 1a Ref. 2.9 (0, 5.7) 0.89 (-2.0, 3.8) 1.2 (-1.9, 4.2) 0.87

Model 2b Ref. 3.1 (0.29, 5.9) 2.1 (-0.84, 4.9) 3.5 (0.37, 6.6) 0.11

Somatotype at ages 18–20

Type 1–2 Type 3 Type 4 Type 5? p-trend

(N = 207) (N = 387) (N = 166) (N = 161)

Model 1a Ref. -0.51 (-2.9, 1.9) -1.7 (-4.6, 1.2) -2.1 (-5.0, 0.87) 0.11

Model 2b Ref. 0.14 (-2.2, 2.5) -0.16 (-3.1, 2.8) 0.11 (-2.9, 3.1) 0.99

Somatotype immediately before first pregnancy

Type 1–2 Type 3 Type 4 Type 5? p-trend

(N = 123) (N = 310) (N = 159) (N = 188)

Model 1a Ref. -0.55 (-3.5, 2.4) -2.7 (-6.0, 0.64) -1.2 (-4.5, 2.1) 0.29

Model 2b Ref. 0.09 (-2.8, 3.0) -1.2 (-4.5, 2.2) 1.3 (-2.1, 4.7) 0.57

Somatotype at ages 25–35

Type 1–3 Type 4 Type 5 Type 6? p-trend

(N = 253) (N = 210) (N = 163) (N = 292)

Model 1a Ref. -2.8 (-5.4, -0.26) -2.7 (-5.5, 0.07) 23.4 (25.8, 20.98) 0.01

Model 2b Ref. -1.9 (-4.5, 0.69) -0.98 (-3.8, 1.9) -0.24 (-2.9, 2.5) 0.97

Height (cm)

\152 152–\156 156–\160 160? p-trend

(N = 209) (N = 232) (N = 244) (N = 223)

Model 1a Ref. -0.99 (-3.7, 1.7) -2.5 (-5.2, 0.24) -1.8 (-4.6, 0.96) 0.12

Model 2b Ref. -1.1 (-3.8, 1.5) -2.6 (-5.3, 0.06) -2.0 (-4.7, 0.75) 0.10

Sitting height (cm)

B82 [82–\85 85–\86 86? p-trend

(N = 209) (N = 199) (N = 209) (N = 198)

Model 1a Ref. 0.04 (-2.8, 2.8) -0.66 (-3.4, 2.1) -1.3 (-4.1, 1.5) 0.31

Model 2b Ref. 0.71 (-2.1, 3.5) 0.24 (-2.5, 3.0) -0.14 (-3.0, 2.7) 0.84

Bold values indicate statistical significance at the a = 0.05 level.
a Model 1 age (continuous) and state (Veracruz, Jalisco), parity (nulliparous, 1, 2, 3, 4? children), age at first birth (\25, 25?), breastfeeding (never,

\12 months, 12? months), hormonal contraceptive use (never, ever), smoking (never, past, current), alcohol (none, any), physical activity (low, medium,

high), family history of breast cancer (no, yes), history of BBD (no, yes), and AmerIndian language (no, yes)
b Model 2 Model 1 and current BMI (continuous)
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Table 3 Difference in percent mammographic density by body size in postmenopausal women (ESMaestras 2006)

Current body mass index (BMI), kg/m2

BMI 18.5–24.9 BMI 25–29.9 BMI 30? p-trend

(N = 104) (N = 251) (N = 203)

Model 1a Ref. 23.7 (26.6, 20.7) 25.7 (28.8, 22.6) <0.01

Somatotype before menarche

Type 1 Type 2 Type 3 Type 4? p-trend

(N = 239) (N = 117) (N = 94) (N = 83)

Model 1a Ref. 0.31 (-2.6, 3.2) 2.4 (-0.66, 5.5) -0.24 (-3.4, 3.0) 0.61

Model 2b Ref. 0.41 (-2.4, 3.2) 3.0 (-0.03, 6.1) 1.1 (-2.1, 4.3) 0.19

Somatotype 2 years after menarche

Type 1 Type 2 Type 3 Type 4? p-trend

(N = 89) (N = 177) (N = 141) (N = 125)

Model 1a Ref. 0.20 (-3.1, 3.5) 1.9 (-1.6, 5.3) 0.93 (-2.6, 4.5) 0.40

Model 2b Ref. 0.48 (-2.7, 3.7) 2.5 (-0.89, 5.9) 2.0 (-1.6, 5.5) 0.14

Somatotype at ages 18–20

Type 1–2 Type 3 Type 4 Type 5? p-trend

(N = 124) (N = 243) (N = 78) (N = 88)

Model 1a Ref. -0.05 (-2.8, 2.7) 1.3 (-2.4, 4.9) 0.17 (-3.4, 3.7) 0.72

Model 2b Ref. 0.39 (-2.3, 3.1) 2.5 (-1.1, 6.1) 1.6 (-2.0, 5.2) 0.22

Somatotype before first pregnancy

Type 1–2 Type 3 Type 4 Type 5? p-trend

(N = 80) (N = 186) (N = 80) (N = 106)

Model 1a Ref. 1.2 (-2.2, 4.5) 0.06 (-3.9, 4.1) 3.3 (-0.49, 7.1) 0.14

Model 2b Ref. 1.7 (-1.6, 5.0) 1.4 (-2.6, 5.4) 4.9 (1.1, 8.7) 0.02

Somatotype at age 25–35

Type 1–3 Type 4 Type 5 Type 6? p-trend

(N = 185) (N = 138) (N = 89) (N = 117)

Model 1a Ref. 0.54 (-2.3, 3.4) 1.2 (-2.1, 4.4) 1.3 (-1.7, 4.4) 0.34

Model 2b Ref. 1.6 (-1.2, 4.4) 2.6 (-0.65, 5.8) 3.6 (0.46, 6.7) 0.02

Height (cm)

\152 152–\156 156–\160 160? p-trend

(N = 180) (N = 125) (N = 141) (N = 79)

Model 1a Ref. 0.58 (-2.4, 3.6) 1.2 (-1.7, 4.1) 1.8 (-1.7, 5.4) 0.26

Model 2b Ref. 0.31 (-2.7, 3.3) 0.91 (-2.0, 3.8) 1.5 (-2.0, 5.0) 0.37

Sitting height (cm)

B82 [82– \ 85 85–\86 86? p-trend

(N = 147) (N = 94) (N = 88) (N = 78)

Model 1a Ref. 1.2 (-2.2, 4.6) 2.0 (-1.5, 5.6) 0.45 (-3.10, 4.0) 0.59

Model 2b Ref. 1.1 (-2.2, 4.4) 1.6 (-2.0, 5.0) 0.31 (-3.2, 3.8) 0.70

Bold values indicate statistical significance at the a = 0.05 level.
a Model 1 age (continuous), state (Veracruz, Jalisco), parity (nulliparous, 1, 2, 3, 4 ? children), age at first birth (\25, 25?), breastfeeding (never,

\12 months, 12? months), hormonal contraceptive use (never, ever), smoking (never, past, current), alcohol (none, any), physical activity (low, medium,

high), family history of breast cancer (no, yes), history of BBD (no, yes), AmerIndian language (no, yes), and PMH use (never, past)
b Model 2 Model 1 and current BMI (continuous)

Breast Cancer Res Treat (2013) 138:601–610 607

123



(NHS), for example, recalled heavier childhood body

somatotype was inversely associated with percent MD in

postmenopausal women [14]. The lack of association

between early life body fatness and adult percent MD in

EsMaestras is in contrast to most of the current literature on

this topic [14–16, 19–21]; however, in a recent study of

U.S. Chinese immigrant women, there also was no asso-

ciation between weight in childhood and adult MD [32].

There are several possible explanations for the observed

null results. The majority of the previous studies included

predominantly Caucasian populations and none reported

associations separately for Hispanic/Mexican women. It is

possible that the association between early life body size

and MD differs by race/ethnicity. The well-established

inverse association between current BMI and percent MD

has been observed previously in Hispanic women [33, 34];

however, heavier body type in childhood and adolescence

may be associated with different dietary or lifestyle factors

than current BMI, which could result in different associa-

tions with adult percent MD. For example, due to secular

trends and as evidenced by the rapid increase in rates of

obesity in Mexico over the last 20 years [22], body fatness

in early life in this study population may reflect a different

composition of diet and lifestyle factors (e.g., traditional

dietary habits) than current obesity in Mexico, which may

reflect adoption of more Western dietary patterns, less

active lifestyles, or other factors [24, 25]. Possible mis-

classification of body fatness in childhood and adolescence

could potentially explain these results; however, correla-

tions between recalled body shape and measured BMI were

high in a prior US validation study [27] and inverse asso-

ciations with childhood or adolescent somatotype and

percent MD were observed among women in two prior US

studies [14, 15]. Moreover, women in EsMaestras were on

average younger than women in those studies, suggesting

that recall, if anything, would be improved.

Our finding of a positive association between early

adult body fatness (i.e., before first pregnancy and at ages

25–34) and percent MD among postmenopausal women

was unexpected and, if confirmed in other studies, may

suggest a possible critical period of increased suscepti-

bility to factors that influence breast tissue composition.

Alternatively, this could be a chance finding or reflect

residual confounding by current BMI. Although several

studies have reported inverse associations between BMI in

early adulthood (e.g., ages 18–26) and percent MD later in

life [14, 19, 20], we are not aware of any that have spe-

cifically assessed body fatness in the years immediately

before first pregnancy. Of note, approximately half of

parous women were at least 25 years of age at the time of

their first pregnancy; therefore, these two somatotype

variables largely reflect adiposity during the same period

in life.

We found no association between current height or sit-

ting height and percent MD among pre- or post-meno-

pausal women. Attained height reflects in part nutritional

influences and circulating levels of growth factors and

insulin-like growth factor-1 (IGF-1) early in life [35, 36]

while sitting height (e.g., trunk length) may reflect nutrition

and energy availability up through the teen years [36–38].

However, IGF-1 has been inconsistently associated with

MD in previous studies [39–45] and results from studies

that have evaluated associations between height and MD

have been mixed, with some reporting a positive associa-

tion [15, 21, 46] and others reporting no association [19,

20, 47, 48], while no previous studies have evaluated sit-

ting height.

While percent MD is considered a stronger predictor of

breast cancer risk compared to absolute MD [49, 50],

recent evidence has suggested that absolute dense area and

absolute non-dense area may have independent effects on

cancer risk [49, 51]. In these studies, which included pre-

dominantly Caucasian women, current BMI was inversely

associated with absolute dense area of the breast and pos-

itively associated with absolute non-dense area [49, 51].

Among Mexican women, we observed positive associa-

tions of current BMI with absolute dense and non-dense

breast area. This finding is consistent with the report by

Tseng and Byrne in a Chinese immigrant population [52].

In the current analysis, body fatness earlier in life was not

clearly associated with absolute dense or non-dense breast

area, independent of current BMI. Similarly Tseng and

Byrne did not observe associations of BMI at ages 20–29

with either absolute dense or non-dense breast area after

adjustment for current BMI [52]. In the NHS, associations

of childhood body fatness with absolute MD were reported

briefly as ‘‘similar or attenuated’’ compared to results for

percent MD [14]. Further research in this area is warranted.

There are some important potential limitations to our

analysis. First, BMI is a strong negative predictor of MD;

therefore, although we adjusted for current BMI in these

analyses, there may be residual confounding by BMI.

Second, body size in childhood and adolescence was

recalled by adult women many years later. This exposure

measure has been validated in another population [27] and

was associated with percent MD among Caucasian women

in two US studies [14, 15]; however, it is not known

whether it adequately captures early life body fatness in

Mexican women. Although current somatotype and BMI

were significantly positively correlated in ESMaestras,

there is a possibility of non-differential exposure mis-

classification for earlier life measures of body fatness,

which could have biased our results toward the null.

Despite these potential limitations, our study also has a

number of strengths. Importantly, this is the first study to

evaluate associations between early life body size and MD
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in Mexican women. We had a relatively large sample size,

which improved our statistical power to examine these

associations and also allowed us to stratify by menopausal

status. Because of detailed questionnaire information as

well as in-person height and weight measurements, we

were able to adjust for potential confounding and to eval-

uate these associations independent of current BMI.

In general, we observed no associations between body

fatness in early life, current height, or current sitting height

and percent MD in a population of Mexican women,

independent of current BMI. We did observe a modest

positive association between body fatness in early adult-

hood prior to first-term pregnancy and percent MD among

postmenopausal women. This is the first study to evaluate

these associations in Hispanic women, and, therefore, these

findings require confirmation in other populations.
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