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ABSTRACT
Background: Frequent dairy consumption in childhood has been
related to higher growth-hormone concentrations that may affect
mammary gland and pubertal development.
Objective: We evaluated the relation of dairy intake to breast com-
position at Tanner stage 4 and age at menarche.
Design: A total of 515 Chilean girls are included in the Growth
and Obesity Cohort Study. The subjects have been followed lon-
gitudinally since they were 3–4 y old (from 2006 to the present).
Starting in 2013, diet was assessed every 6 mo via a 24-h re-
call. The breast fibroglandular volume (FGV) was measured with
the use of dual-energy X-ray absorptiometry at Tanner stage 4.
The date of menarche was reported every 6 mo. Our analysis
included 290 girls with data on prospective diet and breast com-
position and 324 girls with data on prospective diet and age at
menarche.
Results: The mean 6 SD breast FGV and percentage of fibro-
glandular volume (%FGV) (i.e., FGV divided by total breast
volume times 100) at Tanner stage 4 was 81.7 6 32.2 cm3 and
42.0% 6 16.7%, respectively. Only sweetened, artificially fla-
vored milk-based drinks were associated with the %FGV with
girls who consumed .125 g/d having a %FGV that was 4.5%
(95% CI: 0.9%, 8.1%) higher than that of girls who consumed
none (P-trend = 0.007). Yogurt intake was associated with a
lower FGV. Specifically, girls who consumed .125 g yogurt/d
had 210.2 cm3 (95% CI: 220.2, 20.3 cm3) less FGV than
did girls who consumed no yogurt (P-trend = 0.03). The majority
(90.7%) of girls in our cohort attained menarche before the data
analyses with a mean 6 SD age at menarche of 11.9 6 0.7 y. In
multivariable models, low-fat dairy, low-fat milk, and yogurt
intakes were associated with a later age at menarche. In partic-
ular, girls who consumed .125 g yogurt/d had menarche, on
average, 4.6 mo (95% CI: 1.9, 7.4 mo) later than girls who
consumed no yogurt (P-trend = 0.01).

Conclusion: More-frequent consumption of sweetened, artificially-
flavored milk-based drinks is associated with a higher %FGV,
whereas higher yogurt intake is associated with a lower FGV and
delayed age at menarche in Chilean girls. Am J Clin Nutr
2017;105:1166–75.

Keywords: age atmenarche, breast composition, dairy, development,
puberty

INTRODUCTION

The early onset of puberty is considered an early risk factor
for a number of diseases in adulthood including hormone-related
cancers (1, 2), a higher risk of all-cause mortality (3), metabolic
syndrome (4, 5), and cardiovascular disease (6). In view of these
potentially adverse consequences for health in later life, modi-
fiable factors that influence the timing of puberty are of public
health importance. Although there is strong genetic heritability of
puberty (7), in the past century, the age at menarche and onset of
mammary gland development have accelerated by several years,
thereby suggesting that environmental characteristics could
play a significant role (8, 9).

Although the role of anthropometric measures on pubertal
timing has been a matter of intensive discussion (10), roles of
other exposures during pubertal development, particularly the
diet, have been little explored. Moreover, the studies to date on
diet and pubertal development have generally focused on only
one pubertal marker, the timing of menarche, which represents
a relatively late stage of reproductive development. In adults,
breast density (mammographic dense breast tissue) is one of the
strongest known risk factors for breast cancer (11, 12). Breast
density may be established at the time of breast development (13,
14). Therefore, the assessment of the breast composition during
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pubertal development is of paramount importance for un-
derstanding determinants of breast cancer risk.

In children and adults, frequent dairy consumption, specifi-
cally of milk, has been associated with higher endogenous growth
hormone, insulin-like growth factor (IGF)11 I, and IGF-binding
protein 3 concentrations, which are central regulators of growth
and development (15–18). Although the protein in milk could be
responsible for higher IGF-I concentrations, meat and other
sources of protein do not raise IGF-I concentrations to the same
extent as milk does, which suggests that some other factor in
milk is stimulating this endogenous IGF-I production (15, 17).
Although milk contains bovine IGF-I, which is structurally
identical to human IGF-I (19), and rat studies have suggested
that there is intact absorption (20), it is generally assumed that
IGF-I does not retain bioactivity when consumed orally because
of the rapid proteolysis in the upper gut. Milk and dairy products
also contain measurable amounts of steroid hormones (21–23),
which may influence breast density or pubertal timing (24).
Dairy consumption has also been linked to total fat intake,
which may, in turn, be associated with breast cancer risk (25).
Therefore, the objective of this study was to assess the relations
of total and specific types of dairy intake to breast density at
Tanner stage 4 and age at menarche in a prospective cohort of
Chilean girls.

METHODS

Study design

The Growth and Obesity Cohort Study was initiated in 2006
and included children aged 3 and 4 y who were attending nursery
schools of the National Nursery Schools Council Program in the
Southeast area of Santiago, Chile (26). Participants were sin-
gletons who were born at term (37–42 wk), had a birth weight
$2500 and ,4500 g, and were free from conditions that could
affect growth such as food allergies and genetic and metabolic
diseases. From 2006 to 2010, the children visited the Institute of
Nutrition and Food Technology Health Clinic $1 time/y for a
physical examination, and in 2011, the frequency of clinic visits
increased to every 6 mo. The Growth and Obesity Cohort Study
assessments include repeated anthropometric, growth, and
maturation assessments as well as biological specimen collec-
tions at defined time points over follow-up. Starting in 2013, diet
was assessed every 6 mo during the in-person clinic visits with
the use of a 24-h recall. More details on recruitment procedures
and the study design have been published previously (27). The
study protocol was approved by the Ethics Committee of the
Institute of Nutrition and Food Technology, University of Chile.
Informed consent was obtained from all parents or guardians of
children before the start of data collection.

Of the 515 girls who participated in the original cohort,
389 girls who had follow-up information during puberty were
considered for in the current study (Supplemental Figure 1). For
the analysis of breast density, we further excluded 20 girls with
missing breast-density measurements, 6 girls with missing data
on diet, and 73 girls who missed a diet assessment before Tanner

stage 4, which resulted in an analytic cohort of 290 girls. The
girls who were missing diet data or who lacked prospective diet
data did not have significantly different breast densities than
those of included subjects; however, the girls were younger
at their Tanner stage 4 visit (10.4 compared with 11.5 y, re-
spectively). For the analysis of age at menarche, we excluded
10 girls with missing data on diet and 55 girls who missed a diet
assessment before menarche, which left a study population of
324 girls. The 10 girls with missing diet data did not have a
significantly different age at menarche (11.4 y); however, the
55 girls without prospective diet data did have a younger age at
menarche (10.7 y) than that of the included cohort of girls. In
total, 287 girls were included in both analyses of breast com-
position and age at menarche, 3 girls were included only in the
analysis of age at menarche, and 37 girls were included only in
the analysis of breast composition.

Diet assessment

Dietary intake data were collected by trained dietitians with
the use of the USDA multiple-pass method during which girls
received cues from the dietitians to help them remember and
describe foods that they had consumed over the past 24 h (28). In
the in-person interview, subjects were referred to a food atlas that
was validated in the Chilean National Dietary Survey, which
showed serving sizes of common foods and beverages in glasses,
mugs, bowls, and plates (29). Also available were images that
showed common condiments and oils in measuring cups, spoons,
and dollops with size references. Portion sizes were determined
via direct measurements of the portions that were shown in the
pictures. The food atlas allowed us to convert the food reported
into grams. The USDA Food and Nutrient Database for Dietary
Studies was used to calculate nutrient values (30). Chilean mixed
dishes that were not found in the USDA Food and Nutrient
Database were broken down into their ingredients for linkage
(e.g., sopaipilla was broken down into cooked pumpkin, water,
corn oil, salt, lard, and wheat flour). Chilean foods that were not
found in the USDA Food and Nutrient Database were matched to
the food with the closest nutrient profile (e.g., leche asada was
matched with “desserts, flan, caramel custard”) as determined
by a trained dietitian. During dietary processing, various quality-
assurance procedures were conducted to ensure the quality of
the data (31). For example, if the description or portion of a food
was missing, we assumed it was the most common form or
portion of the food in our population. If a girl had multiple 24-h
recalls before the outcome of interest, we calculated the cu-
mulative average of each nutrient and food to reduce random-
measurement error (32).

Dairy foods were defined as any food or beverages that were
produced from the milk of mammals (with the exception of
butter). Low-fat dairy was defined as the sum of all dairy foods
with ,1.5% of calories from fat per serving, and high-fat dairy
was defined as the sum of all dairy foods with $1.5% of cal-
ories from fat per serving. Milk was considered any dairy
beverage with $75% of milk by volume. Low-fat milk was
defined as the sum of powdered and fresh skim- and reduced-
fat milk, and high-fat milk was defined as the sum of powdered
and fresh whole milk. Mixed dairy drinks were beverages with
30–75% of milk by volume with the second and third most-
common ingredients being sugar and artificial flavors,

11 Abbreviations used: FGV, fibroglandular volume; IGF, insulin-like

growth factor; %FGV, percentage of fibroglandular volume.
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respectively. Total meat intake was the sum of all processed
and unprocessed meat including beef, pork, chicken, and tur-
key (but with the exclusion of fish). Intake of sugar-sweetened
beverages included intake of all nondairy beverages with added
sugar and included flavored waters, sports beverages, coffee
and tea drinks, sodas, and juice.

Dense breast tissue assessment

Starting in 2012, breast development was assessed at the
clinical visits via a visual inspection with the use of the Tanner
rating scale as well as palpation to differentiate breast tissue
from adipose tissue (33–35). A single female dietitian was
trained under the supervision of a pediatric endocrinologist on
Tanner assessment and achieved a sensitivity and specificity
.80% (36). The breast fibroglandular volume (FGV), total
breast volume, and percentage of fibroglandular volume
(%FGV) were measured in both the left and right breasts,
once girls had reached Tanner stage 4, with the use of a dual-
energy X-ray absorptiometry scan with a protocol that was
designed to quantify breast composition (37). Specifically,
each breast was scanned with the use of the Prodigy DXA
system software (version 13.6, series 200674; GE Health-
care). The protocol did not require breast compression, and its
validity and precision for the measurement of breast density
in girls at different Tanner stages have been shown previously
(38). Breast composition was derived via a 2-compartment
model of adipose and fibroglandular tissues with the use of
software developed by J Shepherd and colleagues in the De-
partment of Radiology and Biomedical Imaging, University of
California, San Francisco (version 5) (37). The %FGV was
defined as the FGV (cubic centimeters) divided by the total
breast volume times 100.

A quality-control phantom that contained reference breast-
density materials was scanned throughout the study to ensure
a stable calibration. We averaged the values of the left and right
breasts for all analyses.

Covariates

Weight and height were measured every 6–12 mo during
follow-up with the use of standardized techniques by trained
personnel as described elsewhere (39). BMI (in kg/m2) was
calculated as weight divided by squared height. We estimated
BMI for age z scores on the basis of WHO 2007 growth refer-
ences (40). At an in-clinic study visit, mothers self-reported their
highest educational level and their own age at menarche. The
mother’s current height and weight were also measured by a
trained dietitian. Information on television watching after school
and while eating during childhood was collected at age 6 y via a
self-report with the following response options: no, sometimes,
and yes.

Statistical analysis

Baseline demographics from the 2 analytic cohorts are
presented as medians (25th–75th percentiles) if continuous or
as a frequency (percentage) if categorical. Whenever possible,
we categorized the specific dairy foods into quartiles of intake
for the analysis. However, for foods with a high number of
nonconsumers, the lowest category was no intake (0 g/d), and

the remaining categories were created based on the distribution
of intake in our cohort with consideration of standard serving-
size amounts (e.g., 125 and 250 g/d) while avoiding having
,25 girls in any given category. We used the Kruskal-Wallis
test to compare differences in continuous measures across
categories of dairy intake, and chi-square tests and an extended
Fisher’s exact test (when$1 cell count was#5) for categorical
variables.

For the analysis of cumulative averaged dairy intake and the
%FGV and FGV (cubic centimeters), we used a linear re-
gression model. Both the %FGV and FGV were normally
distributed in our population, and thus, no transformation of
outcome variables was necessary in the analyses. Effect esti-
mates are presented as the absolute difference in the %FGV or
FGV for a given category of dairy intake compared with that of
the lowest category of dairy intake. For the analysis of cu-
mulative averaged dairy intake and age at menarche, we used a
Cox proportional hazards regression model to account for the
differing durations of follow-up of the girls and for the failure
of some girls to achieve menarche during follow-up. In the
analyses, we used a time scale of the calendar time in months
from birth to age at menarche, and failing was defined as
attaining menarche. If a girl had not reached menarche by the
end of follow-up she was censored. For the estimation of failure
curves (e.g., the expected proportion of girls who had attained
menarche over time) by category of exposure, we set covariates
to their mean or most-frequent amounts in the cohort. We
evaluated the proportional hazards assumption with the use of a
likelihood ratio test; proportional hazards assumptions were met
in all of our analyses. Because of the normal distribution of age
at menarche in our cohort, we also directly estimated the
multivariable-adjusted mean difference (in months) in age at
menarche and 95% CIs for categories of exposure with the use
of an accelerated failure time model with normal outcome
distribution. Tests for trend were conducted with the use of a
variable with median intake in each category.

Confounding was assessed with the use of previous
knowledge regarding biological relevance as well as de-
scriptive statistics from our study population. Multivariable
models for breast density were adjusted for calorie intake
(continuous), age at Tanner stage 4 (continuous), intake of
sugar-sweetened beverages (quartiles), television watching
after school (yes, sometimes, no, or missing), and highest
maternal education level (primary school, high school, uni-
versity level or higher, or missing). Because changes in BMI or
height may mediate the associations between dairy intake and
breast and pubertal development, we omitted these variables
from the initial multivariable model to avoid overadjustment
and associated biases (41). However, because of the strong
associations between BMI and height with breast density and
age at menarche, we also present multivariable models that
were further adjusted for these variables. In the analyses of
breast density, we used the measured weight and height at
Tanner stage 4. For analyses of age at menarche, we used the
most-recent measured height and weight before menarche
(which was, on average, 194 d prior).

For the analysis of breast composition, we had 80% power to
detect a change of 5.3 cm3 for the FGVand a change of 2.8% for
the %FGV for a 1-SD change in dairy intake. For the analysis
of age at menarche, with the assumption of a dichotomized
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exposure, we should have been able to detect true HRs of #0.68
or $1.57. All statistical tests were 2-sided and were performed

at the 0.05 level of significance. We used SAS 9.4 software (SAS

Institute Inc.) for all analyses.

RESULTS

Of 290 girls in the analysis of dairy intake and breast density,
the median (25th–75th percentiles) age at Tanner stage 4 was
11.4 y (10.8–12.0 y) (Table 1). At Tanner stage 4, 30.3% and

TABLE 1

Demographics of Chilean girls in the Growth and Obesity Cohort Study who were included in the prospective analysis of

diet, breast composition, and age at menarche (2006–2016)

Outcome cohort

Breast composition (n = 290 girls) Age at menarche (n = 324 girls)

Age at breast stage 4 visit, y 11.4 (10.8, 12.0)1 —

Fibroglandular volume

% 38.3 (27.6, 53.7) —

cm3 76.8 (58.6, 97.6) —

Breast stage 4 visit

Weight, kg 43.3 (38.4, 48.4) —

Height, cm 149.0 (144.7, 153.7) —

BMI-for-age z score 0.7 (20.1, 1.2) —

Girls with menarche, n (%) — 294 (90.7)

Age at menarche, y — 11.9 (11.4, 12.5)

Weight before menarche,2 kg — 43.1 (38.4, 48.9)

Height before menarche, cm — 148.7 (144.3, 152.9)

BMI-for-age z score before menarche — 0.7 (20.1, 1.2)

Mother

BMI, kg/m2 27.5 (24.7, 31.2) 27.4 (24.6, 31.1)

Highest education, n (%)

Primary school 46 (15.9) 50 (15.4)

High school 217 (74.8) 246 (75.9)

University or above 14 (5.2) 14 (4.3)

Missing 13 (4.1) 14 (4.3)

Age at menarche, y, n (%)

#11 — 51 (15.7)

12 — 79 (40.1)

13 — 76 (24.4)

$14 — 84 (25.9)

Missing — 34 (10.5)

Television watching after

school in childhood, n (%)

No 17 (5.9) 17 (5.2)

Sometimes 13 (4.5) 14 (4.3)

Yes 248 (85.5) 280 (86.4)

Missing 12 (4.1) 13 (4.0)

Eating while watching

television in childhood, n (%)

No 14 (4.8) 19 (5.9)

Sometimes 132 (45.5) 142 (43.8)

Yes 131 (45.2) 149 (46.0)

Missing 13 (4.5) 14 (4.3)

24-h recalls, n (%)

1 123 (42.4) 150 (46.3)

2 54 (18.6) 68 (21.0)

3 59 (20.3) 59 (18.2)

4–6 54 (18.6) 47 (14.5)

Intake

Calories, kcal/d 1877 (1548, 2237) 1862 (1537, 2228)

From fat, % 29.6 (25.3, 33.4) 29.2 (25.1, 32.9)

From protein, % 13.8 (11.8, 15.6) 13.9 (11.9, 15.9)

From carbohydrates, % 57.8 (54.1, 62.2) 58.2 (54.2, 62.3)

Dairy, g/d 258 (150, 275) 261 (146, 375)

Meat, g/d 73.6 (50.0, 111.1) 73.2 (49.6, 112.0)

Sugar-sweetened beverages, mL/d 284 (188, 429) 291 (185, 422)

1Median; 25th–75th percentiles in parentheses (all such values).
2Median time between weight and height assessment and menarche was 194 d.
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13.8% of our girls were overweight (BMI-for-age z score .1;
WHO 2007) and obese (BMI-for-age z score .2; WHO 2007),
respectively. Overall, 42.4% of girls had completed one 24-h
recall, 18.6% of girls had completed two 24-h recalls, 20.3% of
girls had completed three 24-h recalls, and 18.6% of girls had
completed at least four 24-h recalls before Tanner stage 4.
Median dairy intake in our cohort was 258 g/d, which was equal
to w1 cup (8 fl oz) milk or yogurt/d (237 mL milk or yogurt/d).
The largest contributor to total dairy intake was high-fat milk
(33.5%), which was followed by yogurt (24.6%), mixed dairy
drinks (16.6%), and low-fat milk (13.8%). Other less-frequently
consumed dairy products included dairy-based desserts (6.0%),
cheese (4.9%), and cream (0.6%). Intakes of the specific dairy
foods were not correlated with one another (range of Spearman
correlations: from 20.2 for high- and low-fat milk to 0.2 for
dairy-based desserts and creams). On average, girls with higher
total dairy intake were slightly thinner and younger at Tanner
stage 4 than were girls with lower dairy intake; however, there
were no other significant differences in demographic and dietary
characteristics (data not shown). Demographics were similar for
the analysis of dairy intake and age at menarche.

Breast composition

The median follow-up time between the first 24-h recall that
was reported by a girl and her Tanner stage 4 breast-composition
analysis was 209.5 d. The mean6 SD of the FGVand %FGVat
Tanner stage 4 was 81.7 6 32.2 cm3 and 42.0% 6 16.7%,
respectively. Although there was a suggestion of a positive asso-
ciation between total dairy intake and the %FGV (P-trend = 0.06),
this association became attenuated and nonsignificant after ad-
justment for BMI and height (P-trend = 0.48) (Table 2). Total
dairy intake was not associated with the absolute volume of
FGV. When we looked at the specific types of dairy, only
mixed dairy drinks were associated with a higher breast
density such that girls who consumed 1–125 and.125 g/d had
breast densities that were 2.9% (95% CI: 20.4%, 6.2%) and
4.5% (95% CI: 0.9%, 8.1%) higher than those of girls who
consumed none (P-trend = 0.007). Only yogurt intake was
significantly inversely associated with the absolute volume of
dense breast tissue. Specifically, girls who consumed 1–125
and .125 g yogurt/d had, on average, 26.7 cm3 (95% CI:
215.1, 1.6 cm3) and 210.2 cm3 (95% CI: 220.2, –0.3 cm3)
less-dense breast tissue than that of girls who consumed no
yogurt (P-trend = 0.03).

Age at menarche

The majority (90.7%) of girls in our analysis of dairy intake
and sexual maturation attained menarche by May 2016 with
a mean 6 SD age at menarche of 11.9 6 0.7 y. The median
follow up time between the first 24-h recall that was reported
by a girl and her age at menarche (or the end of follow-up) was
413.5 d. Total dairy intake was not associated with age at
menarche; however, low-fat dairy, low-fat milk, and yogurt in-
takes were all associated with a later age at menarche (Table 3).
Girls who consumed 1–125 and .125 g/d of low-fat milk were,
on average, 43% (model 2 HR: 0.57; 95% CI: 0.40, 0.82) and
28% (model 2 HR: 0.72; 95% CI: 0.48, 1.07) less likely to attain
menarche in the next month, respectively, than were girls who

consumed none (P-trend = 0.01). Similarly, girls with intakes of
1–125 and $125 g yogurt/d were, on average, 15% (model 2 HR:
0.85; 95% CI: 0.63, 1.13) and 36% (model 2 HR: 0.64; 95% CI:
0.46, 0.91) less likely to attain menarche in the next month, re-
spectively, than were girls who consumed none (P-trend = 0.01)
(Figure 1, Table 3). For girls who consumed .125 g yogurt/d,
this effect translated into an average delay in menarche of 4.6 mo
(95% CI: 1.9, 7.4 mo) compared with girls who consumed no
yogurt.

DISCUSSION

In this prospective cohort of girls, higher intake of mixed-
dairy drinks was associated with a higher breast %FGV,
whereas higher yogurt intake was associated with a lower
breast FGV and delayed age at menarche. These associations
persisted after adjustment for potential important confounders
including age and adiposity. Although low-fat milk intake was
associated with a later age at menarche, the effect was most
pronounced in girls who consumed intermediate amounts of
low-fat milk (1–125 g/d) rather than high amounts of low-fat
milk (.125 g/d).

The positive association between mixed-dairy beverages, but
not fresh milk, and the breast %FGV suggested that sugar, which
was a primary component of these drinks, may have been driving
this association. In support of this theory are 2 studies in middle-
aged women that showed that higher intake of sweet foods was
linked to a higher percentage of breast density (42, 43). Bi-
ologically, intake of sugar enhances cellular proliferation and
migration, induces DNA damage, and increases inflammation
(44). Furthermore, an in vitro study on breast tumor cells showed
that, although fructose appears to increase cell invasion and
migration, glucose seems to increase cell proliferation (45).
Excessive sugar consumption is also associated with an increase
in the production of insulin that could increase IGF-I (46), which
is a growth factor that has mitogenic and antiapoptotic effects on
cells (47). Taken together, these observations suggest that intake
of sweet items, such as mixed-dairy drinks, could enhance the
cellular proliferation in breast tissues and could increase breast
density through multiple pathways. Although additional ad-
justments for total sugar and dairy sugar intake only slightly
attenuated the association between mixed-dairy beverages and
the %FGV, we lacked information on added sugars that would
have been a more informative nutrient to adjust for, particularly
for a food group such as dairy in which many natural sugars are
present.

To our knowledge, an inverse association between yogurt
intake and dense-breast volume has not been previously reported
in adults or adolescents, and yet, many previous studies have
failed to differentiate between fermented and nonfermented dairy
products such as yogurt (48–51). We also failed to find an as-
sociation between yogurt intake and relative breast density,
which suggested that yogurt consumption might affect both
dense and nondense mammary gland tissue, thereby potentially
lowering the breast size. An accumulating body of epidemio-
logic and clinical evidence has suggested that yogurt con-
sumption may act beneficially on weight regulation (52);
however, our results remained after adjustment for BMI, which
suggested that there were other mechanisms. In a nation-
ally representative sample of US children, frequent yogurt
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consumers had lower insulin resistance and higher insulin sen-
sitivity than infrequent consumers did (53). Because of the link
between insulin, IGF-I, and breast density (46, 54), IGF-I could
be one mechanism through which yogurt is affecting the volume
of dense breast tissue. Although more speculative, there has

been increasing evidence that yogurt consumption could lead to
advantageous changes in the equilibrium and metabolic activi-
ties of the indigenous gut microbiota (55). Moreover, it has been
suggested that an increased intestinal microbial diversity in-
fluences systemic estrogen-metabolite profiles, specifically

TABLE 2

Association between cumulative averaged dairy intake and breast composition at Tanner breast stage 4 in 290 girls in the

Growth and Obesity Cohort Study (2006–2016)1

Category of intake Girls, n

Fibroglandular volume,2 % Fibroglandular volume,2 cm3

Model 1 Model 2 Model 1 Model 2

Total dairy, g/d

Q1 (#149) 71 Reference Reference Reference Reference

Q2 (150–256) 74 0.2 (25.3, 5.9) 0.9 (22.8, 4.6) 21.1 (211.4, 9.1) 21.0 (211.1, 9.1)

Q3 (257–374) 73 1.6 (23.7, 7.0) 20.5 (24.2, 3.1) 25.3 (215.5, 4.8) 25.0 (215.0, 5.0)

Q4 ($375) 72 4.7 (20.7, 10.1) 1.7 (22.0, 5.4) 4.6 (25.7, 14.8) 6.0 (24.1, 16.1)

P-trend — 0.06 0.48 0.44 0.30

High-fat dairy, g/d

Q1 (#64) 72 Reference Reference Reference Reference

Q2 (65–174) 73 25.0 (210.5, 0.4) 0.3 (23.5, 4.1) 21.6 (212.0, 8.9) 24.9 (215.4, 5.6)

Q3 (175–261) 73 1.2 (24.1, 6.6) 2.7 (21.0, 6.5) 21.3 (211.6, 8.9) 22.7 (212.8, 7.4)

Q4 ($262) 72 1.9 (23.5, 7.2) 1.6 (22.1, 5.3) 5.3 (24.9, 15.6) 4.8 (25.3, 14.9)

P-trend — 0.19 0.28 0.27 0.25

Low-fat dairy, g/d

C1 (0) 95 Reference Reference Reference Reference

C2 (1–125) 110 1.9 (22.7, 6.5) 21.7 (24.8, 1.5) 25.6 (214.3, 3.1) 24.8 (213.4, 3.8)

C3 (126–249) 61 20.7 (26.1, 4.6) 22.3 (26.0, 1.4) 29.9 (220.0, 0.3) 29.0 (219.1, 1.1)

C4 ($250) 24 5.0 (22.4, 12.4) 1.9 (27.0, 3.2) 29.1 (223.1, 4.9) 26.4 (220.5, 7.6)

P-trend — 0.65 0.28 0.06 0.12

Total milk, g/d

C1 (0) 80 Reference Reference Reference Reference

C2 (1–125) 91 2.1 (23.0, 7.3) 0.6 (22.9, 4.1) 0.2 (29.5, 9.9) 0.3 (29.3, 9.9)

C3 (126–249) 63 2.7 (22.8, 8.1) 20.9 (24.7, 2.9) 20.7 (211.1, 9.7) 20.0 (210.4, 10.3)

C4 ($250) 56 0.8 (24.9, 6.4) 21.5 (25.3, 2.4) 4.6 (26.1, 15.3) 5.0 (25.6, 15.6)

P-trend — 0.71 0.30 0.53 0.45

High-fat milk, g/d

C1 (0) 125 Reference Reference Reference Reference

C2 (1–125) 79 3.0 (21.8, 7.8) 1.6 (21.7, 4.9) 20.4 (29.5, 8.7) 0.5 (28.6, 9.6)

C3 (.125) 86 2.0 (22.6, 6.6) 20.1 (23.2, 3.0) 2.9 (25.8, 11.6) 3.6 (25.0, 12.2)

P-trend — 0.36 0.98 0.53 0.42

Low-fat milk, g/d

C1 (0) 206 Reference Reference Reference Reference

C2 (1–125) 53 23.3 (28.4, 1.8) 23.9 (27.4, 20.5) 25.8 (215.4, 3.9) 26.5 (216.1, 3.0)

C3 (.125) 31 22.1 (28.3, 4.2) 22.0 (26.2, 2.2) 1.3 (210.5, 13.1) 0.9 (210.7, 12.6)

P-trend — 0.29 0.08 0.77 0.67

Yogurt, g/d

C1 (0) 123 Reference Reference Reference Reference

C2 (1–125) 110 1.9 (22.5, 6.3) 21.2 (24.2, 1.9) 26.9 (215.1, 1.4) 26.7 (215.1, 1.6)

C3 (.125) 57 2.9 (22.3, 8.1) 20.3 (23.9, 3.3) 212.1 (221.9, 22.3) 210.2 (220.2, 20.3)

P-trend — 0.25 0.77 0.01 0.03

Mixed-dairy beverage, g/d

C1 (0) 182 Reference Reference Reference Reference

C2 (1–125) 63 21.8 (26.7, 3.1) 2.9 (20.4, 6.2) 0.3 (29.0, 9.7) 21.3 (210.6, 8.0)

C3 (.125) 45 3.9 (21.5, 9.3) 4.5 (0.9, 8.1) 3.0 (27.2, 13.3) 2.1 (28.0, 12.1)

P-trend — 0.33 0.007 0.60 0.80

1 C, category; Q, quartile.
2 All values are bs (95% CIs). bs were estimated from a linear regression model that was adjusted for total calorie

intake, age at Tanner breast stage 4, sugar-sweetened beverage intake, television watching after school, and highest

maternal educational level. Model 2 was adjusted as for model 1 and for BMI-for-age z score and height. For all specific

dairy types, bs represent absolute differences in outcomes (percentage of fibroglandular volume and fibroglandular volume)

in the second, third, and fourth categories of intake compared with in the first category of intake (the reference category).

Tests for trend across categories were conducted with the use of a variable with the median value in each category as

a continuous variable.
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favoring a profile with a high ratio of estrogen metabolites to
parent estrogen (56), which, in turn, could affect breast density
(57).

The relation betweenmilk intake and age at menarche has been
studied extensively because of concerns regarding the hormones
and growth factors that are endogenous to dairy foods. Although

we showed a nonlinear, inverse association between low-fat milk
intake and age at menarche, most previous studies have shown
null results (48, 50, 51), and a few studies have shown positive
associations (49, 58, 59). In concordance with our findings are the
results from the Growing Up Today Study, which showed that
intake of low-fat milk predicted a modestly older age at menarche

TABLE 3

Association between cumulative averaged dairy intake and age at menarche in 324 girls in the Growth and Obesity Cohort

Study (2006–2016)1

Category of intake Girls, n

Model2

Difference in age

at menarche,3 mo1 2

Total dairy, g/d

Q1 (#145) 81 1.0 (reference) 1.0 (reference) Reference

Q2 (146–260) 81 0.80 (0.57, 1.12) 0.81 (0.57, 1.14) 1.7 (21.0, 4.5)

Q3 (261–375) 82 0.75 (0.53, 1.05) 0.80 (0.56, 1.14) 2.1 (20.6, 4.9)

Q4 ($376) 80 0.91 (0.65, 1.28) 0.96 (0.68, 1.35) 20.3 (23.0, 2.5)

P-trend — 0.67 0.96 —

High-fat dairy, g/d

Q1 (#60) 81 1.0 (reference) 1.0 (reference) Reference

Q2 (61–175) 81 0.60 (0.43, 0.83) 0.55 (0.39, 0.79) 5.8 (3.1, 8.5)

Q3 (176–260) 81 0.62 (0.44, 0.86) 0.60 (0.43, 0.85) 3.7 (1.0, 6.3)

Q4 ($261) 81 0.95 (0.68, 1.32) 0.93 (0.66, 1.30) 0.2 (22.4, 2.9)

P-trend — 0.80 0.78 —

Low-fat dairy, g/d

C1 (0) 112 1.0 (reference) 1.0 (reference) Reference

C2 (1–125) 120 0.77 (0.57, 1.03) 0.82 (0.61, 1.11) 2.1 (20.2, 4.4)

C3 (126–249) 65 0.49 (0.34, 0.70) 0.46 (0.32, 0.68) 5.3 (2.5, 8.0)

C4 ($250) 27 0.64 (0.40, 1.02) 0.66 (0.39, 1.11) 2.5 (21.1, 6.2)

P-trend — ,0.001 ,0.001 —

Total milk, g/d

C1 (0) 96 1.0 (reference) 1.0 (reference) Reference

C2 (1–125) 101 0.60 (0.44, 0.81) 0.61 (0.44, 0.83) 3.3 (0.8, 5.8)

C3 (126–249) 64 0.63 (0.44, 0.88) 0.70 (0.49, 0.99) 2.5 (20.3, 5.3)

C4 ($250) 63 0.73 (0.51, 1.04) 0.85 (0.60, 1.22) 20.1 (22.8, 2.7)

P-trend — 0.13 0.55 —

High-fat milk, g/d

C1 (0) 147 1.0 (reference) 1.0 (reference) Reference

C2 (1–125) 86 0.60 (0.45, 0.81) 0.66 (0.49, 0.90) 3.1 (0.7, 5.5)

C3 (.125) 91 0.77 (0.58, 1.02) 0.87 (0.65, 1.17) 0.5 (21.8, 2.8)

P-trend — 0.02 0.21 —

Low-fat milk, g/d

C1 (0) 235 1.0 (reference) 1.0 (reference) Reference

C2 (1–125) 54 0.55 (0.39, 0.78) 0.57 (0.40, 0.82) 3.8 (1.2, 6.5)

C3 (.125) 35 0.73 (0.50, 1.09) 0.72 (0.48, 1.07) 0.9 (22.1, 4.0)

P-trend — 0.008 0.01 —

Yogurt, g/d

C1 (0) 145 1.0 (reference) 1.0 (reference) Reference

C2 (1–125) 119 0.72 (0.54, 0.95) 0.85 (0.63, 1.13) 2.8 (0.6, 5.0)

C3 (.125) 60 0.57 (0.41, 0.79) 0.64 (0.46, 0.91) 4.6 (1.9, 7.4)

P-trend — ,0.001 0.01 —

Mixed-dairy beverage, g/d

C1 (0) 200 1.0 (reference) 1.0 (reference) Reference

C2 (1–125) 71 0.79 (0.58, 1.07) 0.73 (0.53, 0.99) 3.9 (1.5, 6.4)

C3 (.125) 53 1.41 (1.02, 1.94) 1.18 (0.84, 1.65) 21.5 (24.1, 1.1)

P-trend — 0.27 0.97 —

1C, category; Q, quartile.
2 All values are HRs (95% CIs). HRs were estimated from a Cox proportional hazards model that was adjusted for total

calorie intake, sugar-sweetened beverage intake, television watching after school, maternal age at menarche, and highest

maternal education level. Model 2 was adjusted as for model 1 and for BMI-for-age z score and height at the visit before

menarche.
3 All values are bs (95% CIs). bs were estimated from an accelerated failure time model with a normal-outcome

distribution that was adjusted for the same variables in model 2.
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(60). Few data exist on the association between yogurt intake and
age at menarche; however, the only other study that has in-
vestigated this question was conducted in 134 Iranian girls and
showed a nonsignificant OR of reaching menarche at #12 y of
age of 0.72 (95% CI: 0.27, 1.91) when girls who consumed
$80 g yogurt/d were compared with girls who consumed none
(58). The biological mechanism that underlies the association
behind yogurt intake and delayed menarche is unknown but
could also be related to alterations in IGF-I or estrogen metab-
olites as previously detailed.

Our study is not without limitations. Although a self-report of
diet is subject to measurement errors, the estimation of dietary
intakewith multiple 24-h recalls in the majority of girls decreased
the probability of dietary misclassification. Moreover, because of
the prospective design of this study, any dietary misclassification
would have been expected to attenuate the observations toward
the null. Because girls were asked about their date of menarche
every 6 mo, we do not expect that there was substantial error in
the reporting of this outcome. Similarly, breast composition was
measured in the girls with the use of a previously validated
method. Because of the observational nature of this study, re-
sidual confounding by other diet and lifestyle factors is possible;
however, we tried to reduce this bias by adjusting for intakes of
sugar-sweetened beverages and meat, which are the 2 dietary
factors that have been most strongly related to the age at men-
arche in previous studies, and television-watching time as a
marker of sedentary behavior. The generalizability of our results
to girls of other ethnicities and socioeconomic status is uncertain
because all of the girls in our cohort were Chilean and of low-
middle socioeconomic status. Finally, girls who were excluded
from our analyses because they were missing prospective diet
assessments were slightly younger at Tanner stage 4 and at
menarche than were included girls, and this difference could have
potentially introduced bias. Despite these exclusions, the mean

dairy intake, age at Tanner stage 4, and age at menarche in our
cohort were comparable with other contemporary Chilean co-
horts, thereby suggesting that the girls who were included in our
analysis were still representative of public-school children of
low-middle socioeconomic status in Santiago (61–63).

Despite these limitations, our study had many strengths in-
cluding the ability to prospectively study the relation between
dairy and measures of puberty and breast development. Ado-
lescence is a critical period when mammary ducts elongate and
branch, which may render breasts particularly vulnerable to any
effects of diet (64). Therefore, the study of the effects of diet on
breast development during adolescence is particularly important
and novel. In our analysis of dairy intake and age at menarche, we
were also able to differentiate specific types of dairy such as
mixed-dairy beverages and yogurt, which turned out to be the
foods that were associated with our endpoints of interest. It is
possible that the previous null findings regarding the link between
adolescent dairy intake and pubertal development or later breast
cancer risk were due to a heterogeneous combination of foods
that comprised dairy food intake.

In conclusion, higher intake of mixed-dairy drinks is associ-
ated with a higher breast %FGV, whereas higher yogurt intake is
associated with a lower FGV and delayed age at menarche in
Chilean girls. The range of age at menarche is narrow on the
population level, and thus, even a small shift in age, such as an
average delay of 4.6 mo, may have an impact on health. Because
of the strong link between breast composition and age at men-
arche with later breast cancer risk, our results highlight the
potential for early life exposures, such as childhood diet, to affect
intermediate endpoints such as breast composition and pubertal
development, whichmay, in turn, influence later health outcomes.
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