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Abstract

Background: Regular milk consumption during childhood and adolescence is recommended for bone health. However,
milk consumption increases circulating insulin-like growth factor | concentrations, and may also accelerate puberty.
Objective: \We prospectively investigated the association between milk consumption and age at menarche in the Growing
Up Today Study.

Methods: Study participants were 5583 US girls who were premenarcheal and ages 9-14 y in 1996. Girls were followed
through 2001, at which time 97% of noncensored participants had reported menarche. Frequency of milk and meat
consumption was calculated with the use of annual youth/adolescent food frequency questionnaires from 1996-1998.
Intake of related nutrients was also measured. Age at menarche was self-reported annually through 2001.

Results: During follow-up, 5227 girls attained menarche over 10,555 accrued person-years. In models adjusted for dietary and
sociodemographic predictors of menarche, frequency of milk consumption did not predict age at onset of menarche (for >3 glasses of
milk/d vs. 1.1-4 glasses/wk, HR: 0.93; 95% Cl: 0.83, 1.04). After additional adjustment for body size, premenarcheal girls consuming
>3 glasses of milk daily were 13% less likely (95% Cl: —3%, —23%; P-rend: <0.01) to attain menarche in the next month relative to
those consuming 1.1-4 glasses/wk. Neither total meat nor red meat consumption was associated with age at menarche.
Conclusions: Our findings suggest that regular consumption of milk in girls aged =9y is unlikely to substantially affect age
at onset of menarche. Studies assessing associations between diet in early childhood and pubertal timing may be more

illuminating. J Nutr 2015;145:1900-8.
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Introduction

Low-fat dairy is promoted as a healthy choice for children, with
the USDA Dietary Guidelines for Americans recommending 3
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8-ounce servings daily (1). Benefits of childhood consumption
include increased bone-mineral content and density (2, 3), charac-
teristics important for the prevention of osteoporosis. However,
hormones and growth factors are also endogenous to dairy foods
(4), leading to speculation that consumption of dairy foods could be
associated with accelerated pubertal development, an established
risk factor for breast (5) and possibly endometrial cancer (6).
Multiple components of milk have the potential to influence age
at menarche. Intake of animal protein, found in meat as well as
dairy, has been related to earlier menarche in several prospective
studies (7). Other factors may be unique to milk; in prepubertal
children, consumption of milk is associated with elevations in
plasma insulin-like growth factor I (IGF-I)' that have not been
observed for macronutrient substitutes (8) or meat (9, 10). IGF-I is
a central regulator of growth and development also associated with

12 Abbreviations used: GUTS, Growing Up Today Study; IGF-I, insulin-like growth
factor I; YAQ, youth/adolescent food frequency questionnaire.
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the initiation of menarche; thus, we hypothesized that girls who
consumed milk most frequently would have the highest IGF-I
concentrations and the earliest menarche.

We examined the associations between milk (total, skim, low-
fat, and whole milk) and related nutrients (dairy fat and protein,
animal fat and protein, calcium, and vitamin D) and menarche in
a large prospective cohort of premenarcheal US girls. To further
investigate whether an association between milk and menarche, if
observed, was common to other sources of animal protein, we
also examined associations between meat and menarche.

Methods

Study population. Established in 1996, the Growing Up Today Study
(GUTS) is an ongoing prospective cohort study of 16,875 children (9033
girls) of women enrolled in the Nurses’ Health Study II (11). Participants
were aged 9-14 y at baseline. Baseline and follow-up questionnaires
assessed diet, activity, smoking, and other behaviors. Relevant question-
naires (completed online or via post) were completed annually through
2001, and again in 2003. In 2003, postcards were mailed to girls who had
failed to report their age at menarche. The GUTS was approved by the
institutional review board of the Brigham and Women’s Hospital in Boston.

Follow-up for the present study began in 1996 and ended in 2001, when
all but 159 eligible girls had reported menarche. Of the 9033 girls who
completed the 1996 questionnaire, 8994 responded to at least 75% of the
individual food items and reported an energy intake between 500 and 5000
keal/d in 1996. Of these, 5861 were premenarcheal in 1996. After further
exclusion of 278 girls who never updated their menarcheal status, 5583 girls
were eligible for analysis.

Dietary assessment. Between 1996 and 1998, diet was assessed with the
use of a 132-item youth/adolescent food frequency questionnaire (YAQ), a
self-administered semiquantitative FFQ developed for use in older children
and adolescents. Intake of nutrients, including total energy, could not be
calculated between 1999 and 2001 because of the use of an abridged YAQ;
therefore, for the 1098 girls (20%) who were followed during this interval,
we used 1998 values for all dietary items. Participants were asked, on
average, how frequently they consumed a typical portion size (for milk, “1
glass”) of specified foods over the past year. Participants additionally selected
the type of milk consumed most frequently (whole, 2%, 1%, skim (nonfat),
soy, “don’t know,” or “don’t drink milk”); consumption of less frequently
consumed types of milk was assumed to be 0. Chocolate milk and soy milk,
both of which were infrequently consumed, were excluded from total white
milk calculations. If a food item was left blank, intake was set to zero (12).
Individual food items included in each food group of interest are listed in
Supplemental Table 1.

Dietary nutrient intake was calculated by multiplying the frequency of
consumption of each unit of food by the nutrient content of the specified
portion and summing across all foods. Nutrient composition values for each
food were obtained from the USDA and other sources (13). To calculate
nutrient intake, ingredients in all foods were considered. Vitamin and
supplement use were also included in total calcium and vitamin D intake. To
reduce extraneous variation in nutrient intake, nutrients were energy-
adjusted with the use of the residuals from the regression of nutrient intake
on total caloric intake (14).

When administered to children ages 9-18 y, the YAQ has good
validity and reproducibility (13, 15). Comparison of YAQ nutrient
estimates with those from 3 24-h recalls yielded a mean correlation of
0.54. Although food items and groups were not similarly validated in this
population, a similar youth FFQ had high correlations with 7 d dietary
records for milk and dairy foods (16).

Assessment of menarche. On each questionnaire, girls were asked to
report whether their menstrual periods had begun, and, if they had, their age
in years and, except for the 2001 and 2003 questionnaires, the calendar
month at attainment. To reduce the potential for outcome misclassification,
we used only the first reported age at menarche. Girls who never reported
their age at menarche were censored at the time of last status report. Girls
reporting menarche after =1 y of nonreport had their age at menarche

retrospectively assigned (7 = 521; 10%). We obtained similar findings when
we instead censored these girls at their last report of being premenarcheal
(i.e., did not include follow-up when menarcheal status was missing) (data
not shown). If menarche was first reported during 2001 or 2003 or never
reported, month of age at menarche was imputed as 6 mo after the integer
age at menarche. Age at menarche has not been validated in the GUTS; other
studies support high validity and reliability of recalled menarche (17).

Assessment of nondietary factors. The girls’ mothers reported their
own age at menarche in 1989, and their daughters’ birthweight in 1996.
Children self-reported their race at baseline by marking each of 6 race/
ethnic groups (white, black, Hispanic, Asian or Pacific Islander, American
Indian/Alaskan Native, or other). Physical activity and inactivity, fre-
quency of eating dinner as a family, household composition, height, and
weight were self-reported at baseline, and on all subsequent question-
naires. BMI was calculated as weight in kilograms divided by height in
meters squared. Physical activity was calculated as the typical amount of
time per season (hours per week) spent during the past year in 17 activities
and team sports, not including gym class. Annual estimates of physical
activity (hours per week) were calculated by summing across each season
and then across seasons. Inactivity was calculated as the mean time a child
reported watching television or videos and playing video and computer
games (not including those assigned as homework). Characteristics that
changed over time (i.e., physical activity and inactivity, frequency of eating
dinner as a family, household composition, height, weight, and BMI) were
updated with the use of data from the 1997-2000 questionnaires.

Statistical analysis. We used Cox proportional hazards regression to
examine associations of cumulative averaged milk and meat consumption
with the event of menarche. We used a time scale of calendar time in
months; person-months were calculated for participants from the time at
the return of the 1996 questionnaire to menarche, June 2001, or, if they
were lost to follow-up, the date of last questionnaire return, whichever
came first. We evaluated the proportional hazards assumption with the use
of a likelihood ratio test; proportional hazards assumptions were met in all
of our analyses. To address decreased milk consumption in older girls, we
accounted for age (months) and questionnaire cycle in all of our analyses,
making the time scale equivalent to age (months) and ensuring that all
comparisons were made within groups of same-age girls.

To minimize reverse causation, cumulative averaged intake of foods
and food groups were calculated with the use of data collected between
1996 and the year before menarche or 1998, which ever came first. Cu-
mulative averaged intake was categorized and modeled with the use of
indicator variables. HRs and 95% ClIs were calculated by comparing the
rate of menarche in each category of intake to the reference category.

Total energy intake (quintiles) was included in all models for reasons
including control for more frequent milk consumption by larger and more
active girls (14). Family history, race (18, 19), and body size and associated
factors (20, 21) have been consistently associated with age at menarche;
therefore, we adjusted for maternal age at menarche (=11, 12, 13, and
=14 y), race (non-Hispanic white, other), physical activity (quintiles),
inactivity (quintiles), and birthweight (quintiles). We adjusted for sugar-
sweetened beverage consumption [=2 servings (1 can or glass)/wk,
2.1-3 servings/wk, 3.1-§ servings/wk, 5.1 servings/wk-1.5 servings/d,
and >1.5 servings/d] because it is associated with more frequent milk
consumption and earlier menarche in this cohort (22). Girls with an absent
father and/or stepfather mature earlier than those who live with their father
(23), and we suspected smaller changes may be observed for intermediate
levels of father presence; therefore, we adjusted for household composition
(no father or stepfather, father, and stepfather) and frequency of eating
dinner as a family (never, sometimes, often, and always). In analyses of
individual milk types, we were unable to mutually adjust for other milk types
because we obtained data on the most commonly consumed milk type only.

Because change in BMI or height may mediate the association between
milk consumption and age at menarche, we omitted these variables from
primary models to avoid overadjustment and associated biases (24). In some
models, under the assumption that body size was exclusively a mediator of the
milk consumption—age at menarche association, we calculated the direct effect
of milk consumption on menarche (i.e., not mediated through body size) by
including updated BMI (deciles) and height (quintiles) in multivariable models.

Milk consumption and age at menarche 1901



We additionally estimated the multivariable-adjusted mean age at
menarche in the interval between 9 y, the youngest age at menarche observed,
and 18.5 y, the oldest observed age at menarche, with the use of baseline
survival probabilities (25). To obtain the Cls of the estimated mean age at
menarche within each category of beverage intake, we drew 500 samples of
the same size as the original data set with replacement from the data,
computed the estimated years to menarche, and took the 2.5th and 97.5th
percentiles of the empirical distribution of these estimates as the 95% Cls.

Because we excluded girls who had already reached menarche at
baseline, girls with the earliest menarche may have been under-represented
in our cohort. To assess whether results were similar for girls of differ-
ent ages, particularly the youngest girls (i.e., the least affected by left-
censoring), we repeated models with the use of events and person-time
accrued by girls =12, =13, and =14 y of age. We also repeated analyses
after restricting to the 44835 participants whose follow-up ended in 1999 or
earlier, and did not have 1998 dietary data used for follow-up occurring
after 1999. We additionally stratified by baseline BMI tertiles (<17.3,
17.3-20.0, and > 20.0 kg/m?) and race (non-Hispanic white and other)
and tested for effect modification with the use of the likelihood ratio test.

Statistical tests were 2-sided and performed at the 0.05 level of
significance. We used SAS (version 9.2) for all analyses.

Results

Study population. Of the 9033 female GUTS participants (68 %
of those contacted), 5583 girls were premenarcheal at baseline
and met other eligibility criteria. The majority reported menarche
during follow-up (5227; 94%), 159 (3%) remained premenarch-
eal in June 2001, and the remaining 4% (n = 197) were censored
because of missing data on age at menarche. A total of 10,555
person-years of follow-up were accumulated over 5 y. Girls re-
porting menarche accrued a median of 1.8 y of follow-up (25™
and 75™ percentiles: 0.8, 2.7 y) between study entry and report of
menarche. The unadjusted median age at menarche was 12.7 in
the entire cohort (n = 8538 reporting age at menarche) and, after
excluding those who were postmenarcheal at baseline or failed to
meet other eligibility criteria for the present analysis, 13.1 y. Total
white milk consumption was higher among non-Hispanic whites
and among girls who were taller, more active, and had a higher

total caloric intake (Table 1). Birthweight and maternal age at
menarche were positively associated with age at menarche (i.e., a
decreased rate of menarche) (Supplemental Table 2). Factors
predictive of a younger age at menarche (i.e., an increased rate
of menarche) included BMI, height, living with a stepfather,
nonwhite race, and inactivity.

Milk, dairy, and meat. Premenarcheal girls consuming
>3 glasses/d of milk were, on average, 13% less likely (HR: 0.87;
95% CI: 0.78, 0.97; P-trend < 0.01) to attain menarche in the
next month relative to girls consuming 1.1-4 glasses/wk of milk,
holding total energy intake constant. However, the association
lost statistical significance after additional adjustment for
potential sociodemographic and nutritional predictors of men-
arche (Model 2, HR: 0.93; 95% CI: 0.83, 1.04; P-trend = 0.14).
The corresponding estimated mean ages at menarche were
13.1y (95% CI: 12.9, 13.3) for girls consuming >3 glasses/d of
milk and 12.9 y (95% CI: 12.8, 13.1) for those consuming
1.1-4 glasses/wk (Table 2). When milk types were investigated
individually, only low-fat milk was associated with later
menarche at a statistically significant level (Table 3, Model 1).
Consumption of dairy and meat was not associated with age at
menarche.

Related nutrients. Intake of related nutrients did not predict
age at menarche, with the exception of a modest association of
higher dairy fat and dairy protein intake and later menarche in
select models (Table 4).

Role of body size. For some models, we assumed that the role
of body size was exclusively that of a mediator and estimated
the direct effect of milk consumption on age at menarche by
adjusting for height and BMI. Holding body size constant, more
frequent milk consumption was associated with a slight increase
in age at menarche (Table 3, Model 3, for 3 glasses/d vs.
1.1-4 glasses/wk, HR: 0.87; 95% CI: 0.77, 0.97). Results were
not significantly modified by baseline BMI (data not shown).

TABLE 1 Age-standardized baseline characteristics of 5583 premenarcheal girls in the Growing Up
Today Study across categories of 1996 total white milk consumption’

=1 serving/wk

1.1-4 servings/wk 4.1-7 servings/wk

Total white milk
1.1-3 servings/d >3 servings/d

(n = 256) (n = 1556) (n=1117) (n = 2040) (n=614)

Agely M5 =13 11313 11313 1.2x12 11313
Non-Hispanic white, % 90 93 93 95 96
Birthweight, g 3420 * 524 3420 + 516 3420 + 549 3450 * 518 3460 =+ 508
Maternal age at menarche, y 126 £ 15 126 £ 14 126 £ 14 126 £ 14 125 14
BMI, kg/m? 18.0 = 3.0 185 * 36 18.1 = 3.1 18.0 = 32 182 = 30
Height, cm 146.4 = 105 146.3 = 10.3 146.7 = 10.4 147.2 = 10.4 1473 = 10.6
Total energy, kcal/d 1780 = 614 1850 =+ 618 1980 = 609 2190 = 615 2350 =+ 665
Sugar-sweetened beverages, servings/d 3315 32x15 3215 29*+15 26 =16
Always eat dinner with family, % 42 39 45 48 53
Household composition,® %

Father/stepfather not present 7 9 8 6 6

Father present 90 88 90 91 92

Stepfather present 4 3 2 3 2
Activity, h/wk 124 +78 132 =82 13278 135 * 80 155 * 88
Inactivity, h/wk 255 + 140 263 + 14.2 249 + 141 231 =136 254 =149

" Values are means *+ SDs or percentages and are standardized to the age distribution of the study population. Serving size is one glass.

2 Values are not age-adjusted.
% Values do not sum to 100 because of rounding.
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TABLE 2 Estimated mean age at menarche and 95% Cl in 5583 girls in the Growing Up Today Study,

1996-2001"

Events/person-years

Unadjusted estimated
mean age at menarche,’ y

Adjusted estimated
mean age at menarche,® y

Total white milk
=1 serving/wk
1.1-4 servings/wk
4.1-7 servings/wk
1.1-3 servings/d
>3 servings/d
Whole milk*®
<1 serving/wk
1-4 servings/wk
4.1-7 servings/wk
1.1-3 servings/d
>3 servings/d
Low-fat milk®
<1 serving/wk
1-4 servings/wk
4.1-7 servings/wk
1.1-3 servings/d
>3 servings/d
Skim milk®
<1 serving/wk
1-4 servings/wk
4.1-7 servings/wk
1.1-3 servings/d
>3 servings/d
Low-fat dairy*®
=0.5 servings/d
0.6-1 servings/d
1.1-2 servings/d
2.1-3 servings/d
>3 servings/d
High-fat dairy®
=0.5 servings/d
0.6-1 servings/d
1.1-2 servings/d
2.1-3 servings/d
>3 servings/d
Meat*®
=1 serving/wk
1.1-2 servings/wk
2.1-4 servings/wk
4.1-7 servings/wk
>1 servings/d
Red meat*®
=1 serving/wk
1.1-2 servings/wk
2.1-4 servings/wk
4.1-7 servings/wk
>1 servings/d

171/318
1251/2489

917/1929
2403/4709

485/1110

2925/5921
765/1446
428/878
954/1945
155/364

3699/7541
486/896
296/535
662/1361

84/222

3370/7074
488/824
310/609
891/1679
168/369

2219/4495
865/1734
855/1570
839/1795
449/962

606/1200
1027/2097
1715/3316

874/1741
1005/2201

145/314
221/481
1020/1999
1985/3802
1856/3960

433/930

742/1390
1850/3668
1635/3331

567/1237

128 (12.7
12.7 (125
128 (12.7
128 (12.8

129 (128,

12.8 (12.7,
12.8 (127,
12.8 (12.7,
129 (12.8,
129 (12.7,

12.8 (12.7,
12.8 (12.7,
12.8 (12.7,
129 (12.8,
13.0 (12.8,

12.6 (12.5,
12.8 (12.8,
129 (12.7,
12.8 (12.7,
12.8 (12.7,

12.8 (12.7,
12.8 (12.7,
129 (12.8,
12.8 (12.7,
129 (12.7,

12.8 (12.7,
12.8 (12.7,
12.8 (12.7,
12.8 (127,
129 (12.8,

129 (127,
129 (127,
12.8 (12.7,
12.8 (127,
12.8 (128,

12.7 (126,
129 (128,

12.8 (12.7
12.8 (12.8
128 (12.7

,12.8)
,12.8)
,12.9)
,12.9)
13.0)

12.9)
12.9)
12.9)
13.0)
13.1)

12.9)
12.9)
12.9)
13.0)
13.3)

12.7)
12.9)
13.0)
12.9)
13.0)

12.9)
12.9)
13.0)
12.9)
13.0)

12.9)
12.9)
12.9)
12.9)
13.0)

13.0)
13.2)
12.9)
12.9)
12.9)

12.8)
13.1)
,12.9)
,12.9)
,12.9)

12.8 (12.6, 13.0)
12.9(12.8, 13.1)
12.9 (12.8, 13.1)
13.0 (12.8, 13.2)
13.1(12.9, 133)

13.0 (12.8, 13.1)
12.9(12.8, 13.1)
13.0 (12.8, 13.2)
13.0 (12.8, 13.2)
13.0 (12.8, 13.3)

13.0 (12.8, 13.1)
13.0 (12.8, 13.2)
12.9(12.7,13.)
13.0 (12.9, 13.2)
13.1(12.9, 13.5)

13.0 (12.8, 13.2)
12.8 (12.6, 13.0)
13.0 (12.8, 13.3)
13.0 (12.8, 13.2)
13.0 (12.8, 13.3)

12.9(12.8, 13.1)
13.0 (12.8, 13.1)
13.0 (12.9, 13.2)
13.0 (12.8, 13.1)
13.0 (12.8, 13.2)

13.0 (12.8, 13.2)
13.0 (12.8, 13.2)
12.9 (12.8, 13.1)
13.0(12.8, 13.2)
13.0 (12.8, 13.2)

13.0(12.8, 133)
13.0(12.8, 133)
13.0 (12.8, 13.1)
13.0(12.8, 13.1)
13.0(12.8, 13.2)

12.9(12.7,13.1)
13.1(12.9, 133)
13.0 (12.8, 13.1)
13.0(12.8, 13.2)
12.9 (12.7,13.1)

T Estimated mean age at menarche in the interval between 9 and 18.5 y. Diet was assessed in 1996, 1997, and 1998. Food intake was

cumulatively updated over follow-up. Milk serving size is one glass.

2 Values of questionnaire cycle variables were set to their median value.
3 Values of questionnaire cycle and ordinal categorical variables were set to their median value (total energy, birthweight, activity, and
inactivity), and values of continuous and polytomous categorical risk factors were set to their observed mode in the study population (race,

maternal age at menarche, frequency of eating dinner as a family, and household composition).
4 Person-time does not sum to total because of rounding.

5 Girls selected the type of milk typically consumed; consumption of other types was assumed to be zero.
6 See Supplemental Table 1 for list of food items included in each food group.
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TABLE 3 HRs and 95% Cls for associations between cumulative updated milk and meat consumption
and menarche in 5583 girls in the Growing Up Today Study, 1996-2001"

Events/person-years Model 1 Model 2 Model 3
Total white milk, servings
=1/wk 171/318 1.07 (0.90, 1.26) 1.09 (0.92, 1.29) 1.13(0.95, 1.33)
1.1-4/wk 1251/2489 1.00 (ref) 1.00 (ref) 1.00 (ref)
4.1/wk=1/d 917/1929 0.97 (0.89, 1.06) 0.99 (0.91, 1.09) 0.97 (0.88, 1.06)
1.1-3/d 2403/4709 0.93 (0.87, 1.00) 0.98 (0.91, 1.05) 0.93 (0.86, 1.00)
>3/d 485/1110 0.87 (0.78, 0.97) 0.93 (0.83, 1.04) 0.87(0.77, 0.97)
P-trend < 0.01 0.14 < 0.01
Whole milk,2* servings
<1/wk 2925/5921 0.98 (0.90, 1.06) 1.02 (0.94, 1.11) 0.98 (0.90, 1.06)
1-4/wk 765/1446 1.00 (ref) 1.00 (ref) 1.00 (ref)
4.1/wk-1/d 428/878 0.97 (0.86, 1.10) 1.01 (0.90, 1.15) 1.04 (0.92, 1.18)
1.1-3/d 954/1945 0.91(0.82, 1.01) 0.97 (0.88, 1.07) 0.96 (0.87, 1.06)
>3/d 155/364 0.90 (0.75, 1.08) 0.97 (0.81, 1.17) 0.97 (0.80, 1.16)
P-trend 0.06 0.19 0.74
Low-fat milk,2 servings
<1/wk 3699/7541 1.03 (0.93, 1.13) 1.06 (0.95, 1.17) 1.03(0.93, 1.14)
1-4/wk 486/896 1.00 (ref) 1.00 (ref) 1.00 (ref)
4.1 /wk=1/d 296/535 1.04 (0.90, 1.21) 1.10 (0.94, 1.28) 1.09(0.93, 1.27)
1.1-3/d 662/1361 0.93 (0.82, 1.05) 0.99 (0.87, 1.12) 0.95 (0.84, 1.08)
>3/d 84/222 0.86 (0.67, 1.09) 0.96 (0.75, 1.23) 0.87 (0.68, 1.11)
P-trend 0.01 0.14 0.04
Skim milk,® servings
<1/wk 3370/7074 0.82 (0.74, 0.90) 0.82 (0.74, 0.91) 0.83(0.75, 0.91)
1-4/wk 488/824 1.00 (ref) 1.00 (ref) 1.00 (ref)
4.1/wk=1/d 310/609 0.79 (0.68, 0.92) 0.78 (0.67, 0.91) 0.71 (0.61, 0.83)
1.1-3/d 891/1679 0.86 (0.76, 0.96) 0.86 (0.77, 0.97) 0.79 (0.70, 0.88)
>3/d 168/369 0.83 (0.69, 0.99) 0.84 (0.70, 1.01) 0.79 (0.66, 0.96)
P-trend 0.41 0.44 0.14
Total dairy,* servings
=0.5/d 102/168 1.24 (0.99, 1.56) 1.27 (1.01, 1.67) 1.26 (1.00, 1.59)
0.6-1/d 328/642 1.00 (ref) 1.00 (ref) 1.00 (ref)
1.1-2/d 1272/2515 1.08 (0.95, 1.23) 1.11(0.98, 1.27) 1.05(0.92, 1.19)
2.1-3/d 1278/2401 1.09 (0.96, 1.24) 1.15(1.01, 1.31) 1.07 (0.93, 1.22)
>3/d 2248/4830 1.02 (0.89, 1.15) 1.12 (0.98, 1.29) 1.01 (0.88, 1.16)
P-trend 0.10 0.63 0.25
Low-fat dairy,2* servings
=05/d 2219/4495 0.96 (0.88, 1.04) 0.95 (0.88, 1.03) 1.00 (0.92, 1.09)
0.6-1/d 865/1734 1.00 (ref) 1.00 (ref) 1.00 (ref)
1.1-2/d 855/1570 0.91 (0.82, 1.00) 0.91(0.83, 1.01) 0.89 (0.80, 0.98)
2.1-3/d 839/1795 0.97 (0.88, 1.07) 1.00 (0.90, 1.10) 0.94 (0.85, 1.04)
>3/d 449/962 0.94 (0.83, 1.05) 0.98 (0.87, 1.11) 0.95 (0.84, 1.07)
P-trend 0.70 0.48 0.07
High-fat dairy,* servings
=0.5/d 606/1200 1.01(0.91, 1.12) 1.01(0.91, 1.13) 1.00 (0.90, 1.12)
0.6-1/d 1027/2097 1.00 (ref) 1.00 (ref) 1.00 (ref)
1.1-2/d 1715/3316 1.04 (0.96, 1.13) 1.05(0.97, 1.14) 1.03 (0.95, 1.12)
2.1-3/d 874/1741 1.02 (0.93, 1.12) 1.04 (0.94, 1.14) 1.03 (0.93, 1.13)
>3/d 1005/2201 0.97 (0.88, 1.06) 1.01(0.92, 1.12) 1.03 (0.93, 1.14)
P-trend 0.28 0.96 0.61
Meat,2* servings
=1/wk 145/314 0.98(0.79, 1.22) 1.04 (0.84, 1.30) 1.08 (0.87, 1.35)
1.1-2/wk 221/481 1.00 (ref) 1.00 (ref) 1.00 (ref)
2.1-4/wk 1020/1999 1.08 (0.93, 1.26) 1.09 (0.93, 1.27) 1.10 (0.94, 1.28)
4.1/wk=1/d 1985/3802 1.10 (0.95, 1.28) 1.09 (0.94, 1.28) 1.08 (0.93, 1.26)
>1/d 1856/3960 1.06 (0.90, 1.24) 1.07 (0.91, 1.25) 1.06 (0.90, 1.24)
P-trend 0.95 0.94 0.69
(Continued)
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TABLE 3 Continued

Events/person-years Model 1 Model 2 Model 3
Red meat, % servings

=1/wk 433/930 0.82 (0.72, 0.93) 0.85 (0.75, 0.96) 0.89 (0.78, 1.00)
1.1-2/wk 742/1390 1.00 (ref) 1.00 (ref) 1.00 (ref)
2.1-4/wk 1850/3668 0.92 (0.84, 1.00) 0.92 (0.84, 1.01) 0.91 (0.83, 0.99)
4.1/wk-1/d 1635/3331 0.92 (0.84, 1.01) 0.92 (0.83, 1.01) 0.89 (0.81, 0.99)
>1/d 567/1237 0.94 (0.83, 1.06) 0.94 (0.82, 1.07) 0.93 (0.82, 1.06)
P-trend 0.54 0.81 0.71

" Diet was assessed in 1996, 1997, and 1998. Food intake was cumulatively updated over follow-up. Model 1 is a Cox proportional hazards
model stratified by age in months and questionnaire cycle and adjusted for total caloric intake (quintiles). Model 2 is a Cox proportional
hazards model adjusted for Model 1 covariates, as well as sugar-sweetened beverage consumption (=2 servings/wk, 2.1-3 servings/wk,
3.1-5 servings/wk, 5.1 servings/wk-1.5 servings/d, and >1.5 servings/d), activity (quintiles), inactivity (quintiles), race/ethnicity (non-
Hispanic white and other), household composition (no father or stepfather, father, and stepfather), frequency of eating dinner as a family
(ordinal), maternal age at menarche (=11, 12, 13, and =14 y), and birthweight (quintiles). Model 3 is a Cox proportional hazards model
adjusted for Model 2 covariates, as well as BMI (deciles) and height (quintiles). Milk serving size is one glass. P-trend is calculated by using
the median of each category as a continuous term. ref, reference.

2 Person-time does not sum to total because of rounding.

2 Girls selected the type of milk typically consumed; consumption of other types was assumed to be zero.
4 See Supplemental Table 1 for list of food items included in each food group.

Sensitivity analyses. We observed similar findings when we
restricted our analyses to events and person-time contributed by
girls under 12, 13, or 14 y of age (Supplemental Table 3), and in the
sample in which follow-up ended in 1999 or earlier (i.e., 1998
dietary data were not used for 1999-2001 follow-up) (data not
shown). Statistically significant effect modification by race was
observed for the association of milk consumption and menarche (P-
heterogeneity = 0.02), but not other exposures. Associations of more
frequent milk consumption and later menarche in whites only were
similar to those observed for the entire sample (data not shown).

Discussion

In this cohort of US girls, neither consumption of milk nor meat
predicted age at menarche when examined using models adjusted
for potential sociodemographic and nutritional confounders. After
additional consideration for body size, we observed that more
frequent consumption of total and low-fat milk and dairy protein
predicted a modestly older age at menarche (i.e., a lower rate of
menarche). This is in contrast to our a priori hypothesis that
controlling for body size, a potential intermediate, would result in
attenuated effect estimates. Milk is a nutritionally complex food
that contains multiple hormonally active substances. Thus, it is
possible that milk consumption activates numerous pathways—
some of which accelerate menarche and others that delay it—that,
when taken together, have no overall effect on menarcheal timing.
However, observed effect estimates from models adjusted for body
size were modest, and may be an artifact of confounding, which can
be introduced by conditioning on an intermediate variable (24).

Previous studies. To our knowledge, our study is the largest and
the first prospective study of the association between milk and
menarche in a US population. General nutrition status, milk
consumption (26), and age at menarche (27) vary by country, and
the generalizability of previous findings to a contemporary
population of US girls is uncertain. Our results are consistent
with null findings from milk-supplementation studies of 757
Chinese 10-y-old children (3, 28) and 80 British 12-y-old children
(2), prospective observational studies of 3298 British girls (29) and
2299 Canadian fifth graders (30), and cross-sectional analyses of
777 Spanish 8-16-y-old children (31) and 1008 US 9-12-y-old
children (32). In contrast, milk consumption was associated with

earlier menarche in a prospective study of 134 Iranian girls (33)
and cross-sectional studies of 2657 20-49-y-old US women (32)
and 411 North Korean refugees (mean age: 31.3 y) (34). Notably,
studies with positive findings had the greatest potential for
misclassification of the exposure and outcome because of a longer
recall interval (32, 34) and poor dietary assessment (34). Previous
investigations of nutrient intake (7) and meat (29-31) with age at
menarche have yielded mixed results.

Biological mechanism. Consumption of milk, but not meat, has
been found to raise concentrations of absolute and bioavailable
IGF-I in prepubertal children (9, 10), although girls the age of our
study participants have yet to be studied. Although dairy,
especially milk (35), contains IGF-L, it is unknown whether the
observed increase in IGF-I concentrations after milk consumption
is due to the intact absorption and bioactivity of bovine IGF-I or
the endogenous stimulation of human IGF-I by another constituent
of milk, such as protein (36, 37). IGF-I is an important regulator of
growth in prepubertal children, and many studies have observed
positive associations between milk intake and linear growth (26)
and weight gain (38), important predictors of age at menarche (20,
21). Higher IGF-I concentrations at 8 y of age are associated with
earlier menarche (39); however, it is not known to what extent the
association of IGF-I with earlier menarche is causal or the
by-product of the association of greater height with earlier
menarche. Steroid hormones are also endogenous to milk (4),
but it is unclear whether consumption of milk could increase
circulating estrogen concentrations (2) and how this would
influence pubertal timing.

Strengths and limitations. Girls were aged 9-14 y at baseline
and, although premenarcheal, were likely to have initiated puberty.
This leads to 2 potential limitations: 1) early-maturing girls may
drink less milk as a consequence of their maturation (i.e., reverse
causation), and 2) if a critical window for exposure exists in early
childhood (29), it may have been missed. Early-maturing girls may
avoid milk if they perceive it as a “childish” food or because of its
suspected association with acne (40). However, it is also possible
that they may consume more milk to fulfill greater nutritional
needs during a time of rapid growth. We minimized the potential
for reverse causation by relating menarche to dietary consumption
reported the previous year and earlier.
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TABLE 4 HRs and 95% Cls for associations between cumulative updated nutrients and menarche
among 5583 girls in the Growing Up Today Study, 1996-2001"

Nutrient Events/person-years Model 1 Model 2 Model 3
Dairy fat?

Q1 899/1759 1.00 (ref) 1.00 (ref) 1.00 (ref)

Q2 982/1899 1.01(0.92, 1.11) 1.00 (0.91, 1.10) 1.00 (0.91, 1.10)

Q3 1060/2153 0.95 (0.87, 1.04) 0.94 (0.85, 1.03) 0.94 (0.85, 1.03)

04 1108/2324 0.93 (0.85, 1.02) 0.95 (0.86, 1.04) 0.99 (0.91, 1.09)

Q5 1178/2421 0.91 (0.83, 1.00) 0.94 (0.86, 1.03) 0.98 (0.89, 1.08)

P-trend 0.01 0.12 0.80
Dairy protein®

o1 907/1773 1.00 (ref) 1.00 (ref) 1.00 (ref)

Q2 1065/2088 0.99 (0.90, 1.09) 1.03 (0.94, 1.13) 0.97 (0.88, 1.06)

Q3 1064/2197 0.95 (0.87, 1.05) 1.01 (092, 1.11) 0.95(0.87, 1.04)

Q4 1115/2257 0.95 (0.86, 1.04) 1.00 (0.91, 1.10) 0.92 (0.83, 1.01)

Q5 1076/2241 0.94 (0.86, 1.03) 1.02 (0.93, 1.13) 0.92 (0.83, 1.01)

P-trend 0.13 0.86 0.05
Animal fat?

Q1 897/1689 1.00 (ref) 1.00 (ref) 1.00 (ref)

Q2 999/2002 0.97 (0.88, 1.06) 0.96 (0.87, 1.05) 0.98 (0.89, 1.08)

Q3 1100/2146 1.00 (0.91, 1.09) 1.00 (0.91, 1.10) 1.01 (0.92, 1.11)

04 1058/2303 0.93(0.84, 1.02) 0.93(0.85, 1.03) 0.95 (0.86, 1.04)

Q5 1173/2414 0.94 (0.86, 1.03) 0.96 (0.88, 1.05) 0.98 (0.90, 1.08)

P-trend 0.11 0.33 0.57
Animal protein

o1 979/1891 1.00 (ref) 1.00 (ref) 1.00 (ref)

Q2 1068/2101 0.98 (0.90, 1.07) 1.04 (0.95, 1.14) 1.02 (0.93, 1.12)

Q3 1102/2193 0.98 (0.90, 1.08) 1.05 (0.96, 1.15) 1.03 (0.94, 1.12)

Q4 1022/2215 0.94 (0.86, 1.03) 1.02 (0.93, 1.12) 0.97 (0.88, 1.07)

Q5 1056/2155 0.97 (0.89, 1.06) 1.05 (0.95, 1.15) 0.95 (0.86, 1.05)

P-trend 0.35 0.47 0.16
Calcium®

o1 892/1739 1.00 (ref) 1.00 (ref) 1.00 (ref)

Q2 1085/2100 0.99 (0.90, 1.08) 1.02 (0.93, 1.12) 0.98 (0.89, 1.08)

Q3 1066/2220 0.93 (0.84, 1.02) 0.98 (0.89, 1.07) 0.92 (0.84, 1.02)

Q4 1107/2257 0.96 (0.88, 1.05) 1.02 (0.93, 1.12) 0.95 (0.86, 1.04)

Q5 1077/2239 0.93 (0.85, 1.02) 1.02 (0.92, 1.12) 0.93(0.84, 1.02)

P-trend 0.11 0.78 012
Vitamin D*

Q1 890/1629 1.00 (ref) 1.00 (ref) 1.00 (ref)

Q2 1025/2033 0.93 (0.85, 1.03) 0.97 (0.88, 1.06) 1.01 (0.91, 1.10)

Q3 1090/2217 0.92 (0.84, 1.01) 0.96 (0.87, 1.05) 0.96 (0.88, 1.06)

Q4 1091/2225 0.96 (0.88, 1.06) 1.02 (0.92, 1.12) 1.01(0.92, 1.11)

Q5 1131/2451 0.89 (0.82, 0.98) 0.96 (0.87, 1.05) 0.97 (0.88, 1.06)

P-trend 0.06 0.69 0.53

" Diet was assessed in 1996, 1997, and 1998. Food intake was cumulatively updated over follow-up. Model 1 is a Cox proportional hazards
model stratified by age in months and questionnaire cycle and adjusted for total caloric intake (quintiles). Model 2 is a Cox proportional
hazards model adjusted for Model 1 covariates, as well as sugar-sweetened beverage consumption (=2 servings/wk, 2.1-3 servings/wk,
3.1-5 servings/wk, 5.1 servings/wk-1.5 servings/d, and >1.5 servings/d), activity (quintiles), inactivity (quintiles), race/ethnicity (non-
Hispanic white and other), household composition (no father or stepfather, father, and stepfather), frequency of eating dinner as a family
(ordinal), maternal age at menarche (=11, 12, 13, and =14 y), and birthweight (quintiles). Model 3 is a Cox proportional hazards model
adjusted for Model 2 covariates, as well as BMI (deciles) and height (quintiles). P-trend is calculated by using the median of each category

as a continuous term. Q, quintile; ref, reference.
2 Person-time does not sum to total due to rounding.
% Includes intake from food and supplements.

Some within- and between-person error in dietary recall is
inevitable in an FFQ. However, reporting errors in milk intake
are likely unrelated to age at menarche, resulting in an
underestimate of the true association. Furthermore, the use of
cumulative averaged intake reduces measurement error because
of within-person variation. Misclassification of the outcome was
minimized by selecting a salient pubertal event and using only
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the first reported age at menarche. Reporting errors are likely to
be unrelated to milk consumption, resulting in an underestimate
of the true effect. Advantages of using age at menarche as a
measure of pubertal timing include ease and reliability (17, 41);
however, menarche is a relatively late pubertal event, and it is
possible that different associations may exist with other markers
of pubertal timing.



Girls with the most frequent milk consumption may differ in
their overall dietary pattern, activity level, or other characteristics
compared with girls consuming little or no milk. We addressed
potential confounding by a variety of anthropomorphic, socio-
demographic, and dietary factors using multivariable models. We
observed only a small change in observed effect estimates after
adjustment for strong predictors of menarche, reassuring us that the
magnitude of any residual confounding is likely to be negligible.

Although study follow-up began almost 20 y ago, mean age at
menarche in the United States has been relatively static since the turn
of the 20th century (7, 42), and we expect our findings to be
generalizable to contemporary US girls. Indeed, the unadjusted
median age at menarche in the entire GUTS cohort (93% white) was
12.7 y, comparable to reports from other contemporary populations
of white girls (18, 19). African-American and Hispanic girls typically
experience menarche earlier than whites (18, 19), and the general-
izability of our results to these populations is uncertain. We observed
effect modification by race for the association of total milk
consumption and age at menarche, but were unable to calculate
stable effect estimates for Hispanics and African-Americans because
of small sample sizes. In order to prospectively obtain data on age at
menarche, we excluded girls who were menarcheal at baseline,
resulting in a median age at menarche of 13.1 y in our study
population. This decision should not affect the validity of our effect
estimates, as evidenced by similar findings for the youngest girls in
our cohort (i.e., the least affected by left-censoring).

In conclusion, in a large cohort of US girls whose follow-up began
at ages 9-14 y, we observed an association between more frequent
milk consumption and later menarche only after adjustment for
body size. Effect estimates were modest and may have been due to
residual confounding. Consumption of milk during late childhood is
therefore unlikely to strongly affect menarcheal timing. Other studies
have suggested that consumption of meat and dairy products can
affect endocrine and reproductive outcomes (40, 43), and the health
consequences of milk and meat consumption in prepubertal children,
in particular, should continue to be closely examined.

Acknowledgments

We thank Donna Spiegelman, Ellen Hertmark, and Garrett
Fitzmaurice, of Harvard T.H. Chan School of Public Health for
their advice on statistical methods. JLC, WCW, ALF, and KBM
designed the research; JLC analyzed the data and drafted the
manuscript; WCW, MW, JR-E, ALE, and KBM provided signif-
icant consultation. JLC had primary responsibility for the final
content. All authors read and approved the final manuscript.

References

1. USDA and U.S. Department of Health and Human Services: Dietary
guidelines for Americans, 2010. 7th edn. Washington (DC): US Govern-
ment Printing Office; December 2010.

2. Cadogan ], Eastell R, Jones N, Barker ME. Milk intake and bone
mineral acquisition in adolescent girls: randomised, controlled inter-
vention trial. BMJ 1997;315:1255-60.

3. DuX, ZhuK, Trube A, Zhang Q, Ma G, Hu X, Fraser DR, Greenfield H.
School-milk intervention trial enhances growth and bone mineral accretion
in Chinese girls aged 10-12 years in Beijing. Br ] Nutr 2004;92:159-68.

4. Vicini J, Etherton T, Kris-Etherton P, Ballam J, Denham S, Staub R,
Goldstein D, Cady R, McGrath M, Lucy M. Survey of retail milk
composition as affected by label claims regarding farm-management
practices. ] Am Diet Assoc 2008;108:1198-203.

5. Hsieh CC, Trichopoulos D, Katsouyanni K, Yuasa S. Age at menarche,
age at menopause, height and obesity as risk factors for breast cancer:
associations and interactions in an international case-control study. Int ]
Cancer 1990;46:796-800.

10.

11.

12.

13.

14.

15.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Karageorgi S, Hankinson SE, Kraft P, De Vivo 1. Reproductive factors
and postmenopausal hormone use in relation to endometrial cancer risk
in the Nurses’ Health Study cohort 1976-2004. Int ] Cancer 2010;126:
208-16.

Cheng G, Buyken AE, Shi L, Karaolis-Danckert N, Kroke A, Wudy SA,
Degen GH, Remer T. Beyond overweight: nutrition as an important
lifestyle factor influencing timing of puberty. Nutr Rev 2012;70:133-52.
Rich-Edwards JW, Ganmaa D, Pollak MN, Nakamoto EK, Kleinman K,
Tserendolgor U, Willett WC, Frazier AL. Milk consumption and the
prepubertal somatotropic axis. Nutr ] 2007;6:28.

Hoppe C, Molgaard C, Juul A, Michaelsen KF. High intakes of
skimmed milk, but not meat, increase serum IGF-I and IGFBP-3 in
eight-year-old boys. Eur J Clin Nutr 2004;58:1211-6.

Hoppe C, Udam TR, Lauritzen L, Molgaard C, Juul A, Michaelsen KE.
Animal protein intake, serum insulin-like growth factor I, and growth in
healthy 2.5-y-old Danish children. Am J Clin Nutr 2004;80:447-52.
Rockett HR, Berkey CS, Field AE, Colditz GA. Cross-sectional mea-
surement of nutrient intake among adolescents in 1996. Prev Med 2001;
33:27-37.

Michels KB, Willett WC. Self-administered semiquantitative food fre-
quency questionnaires: patterns, predictors, and interpretation of omitted
items. Epidemiology 2009;20:295-301.

Rockett HR, Wolf AM, Colditz GA. Development and reproducibility
of a food frequency questionnaire to assess diets of older children and
adolescents. ] Am Diet Assoc 1995;95:336-40.

Willett WC, Howe GR, Kushi LH: Adjustment for total energy intake in
epidemiologic studies. Am J Clin Nutr 1997, 65:12205-1228S; discus-
sion 12295-12318S.

Rockett HR, Breitenbach M, Frazier AL, Witschi J, Wolf AM, Field AE,
Colditz GA. Validation of a youth/adolescent food frequency question-
naire. Prev Med 1997;26:808-16.

. Phillips SM, Bandini LG, Cyr H, Colclough-Douglas S, Naumova E,

Must A. Dairy food consumption and body weight and fatness studied
longitudinally over the adolescent period. Int J Obes Relat Metab
Disord 2003;27:1106-13.

Koo MM, Rohan TE. Accuracy of short-term recall of age at menarche.
Ann Hum Biol 1997;24:61-4.

Chumlea WC, Schubert CM, Roche AF, Kulin HE, Lee PA, Himes JH,
Sun SS. Age at menarche and racial comparisons in US girls. Pediatrics
2003;111:110-3.

Herman-Giddens ME, Slora EJ, Wasserman RC, Bourdony CJ, Bhapkar
MYV, Koch GG, Hasemeier CM. Secondary sexual characteristics and
menses in young girls seen in office practice: a study from the Pediatric
Research in Office Settings network. Pediatrics 1997;99:505-12.

dos Santos Silva I, De Stavola BL, Mann V, Kuh D, Hardy R,
Wadsworth ME. Prenatal factors, childhood growth trajectories and age
at menarche. Int ] Epidemiol 2002;31:405-12.

Dunger DB, Ahmed ML, Ong KK. Effects of obesity on growth and
puberty. Best Pract Res Clin Endocrinol Metab 2005;19:375-90.
Carwile JL, Willett W, Spiegelman D, Hertzmark E, Rich-Edwards ], Frazier
AL, Michels KB. Sugar-sweetened beverage consumption and age at
menarche in a prospective study of U.S. girls. Hum Reprod 2015;30:675-83.
Ellis B]. Timing of pubertal maturation in girls: an integrated life history
approach. Psychol Bull 2004;130:920-58.

Schisterman EF, Cole SR, Platt RW. Overadjustment bias and unnec-
essary adjustment in epidemiologic studies. Epidemiology 2009;20:
488-95.

Carwile JL, Willett WC, Michels KB. Consumption of low-fat dairy
products may delay natural menopause. ] Nutr 2013;143:1642-50.
Hoppe C, Molgaard C, Michaelsen KF. Cow’s milk and linear growth
in industrialized and developing countries. Annu Rev Nutr 2006;26:
131-73.

Currie C, Ahluwalia N, Godeau E, Nic Gabhainn S, Due P, Currie DB.
Is obesity at individual and national level associated with lower age at
menarche? Evidence from 34 countries in the Health Behaviour in
School-aged Children Study. J Adolesc Health 2012;50:621-6.

Zhu K, Zhang Q, Foo LH, Trube A, Ma G, Hu X, Du X, Cowell CT,
Fraser DR, Greenfield H. Growth, bone mass, and vitamin D status of
Chinese adolescent girls 3 y after withdrawal of milk supplementation.
Am ] Clin Nutr 2006;83:714-21.

Rogers IS, Northstone K, Dunger DB, Cooper AR, Ness AR, Emmett
PM. Diet throughout childhood and age at menarche in a contemporary
cohort of British girls. Public Health Nutr 2010;13:2052-63.

Milk consumption and age at menarche 1907



30.

31.

32.

33.

34.

35.

36.

Moisan J, Meyer F, Gingras S. Diet and age at menarche. Cancer Causes
Control 1990;1:149-54.

Soriguer FJ, Gonzalez-Romero S, Esteva I, Garcia-Arnes JA, Tinahones
F, Ruiz de Adana MS, Olveira G, Mancha I, Vazques F. Does the intake
of nuts and seeds alter the appearance of menarche? Acta Obstet
Gynecol Scand 1995;74:455-61.

Wiley AS. Milk intake and total dairy consumption: associations
with early menarche in NHANES 1999-2004. PLoS ONE 2011;6:
e14685.

Ramezani Tehrani F, Moslehi N, Asghari G, Gholami R, Mirmiran P,
Azizi E Intake of dairy products, calcium, magnesium, and phosphorus
in childhood and age at menarche in the Tehran Lipid and Glucose
Study. PLoS ONE 2013;8:57696.

Ku SY, Kang JW, Kim H, Kim YD, Jee BC, Suh CS, Choi YM, Kim JG,
Moon SY, Kim SH. Age at menarche and its influencing factors in North
Korean female refugees. Hum Reprod 2006;21:833-6.

Kang SH, Kim JU, Imm JY, Oh S, Kim SH. The effects of dairy
processes and storage on insulin-like growth factor-I (IGF-I) content in
milk and in model IGF-I-fortified dairy products. J Dairy Sci 2006;89:
402-9.

Juskevich JC, Guyer CG. Bovine growth hormone: human food safety
evaluation. Science 1990;249:875-84.

1908 Carwile et al.

37.

38.

39.

40.

41.

42.

43.

Philipps AF, Kling PJ, Grille JG, Dvorak B. Intestinal transport of
insulin-like growth factor-I (igf-I) in the suckling rat. J Pediatr
Gastroenterol Nutr 2002;35:539-44.

Berkey CS, Rockett HR, Willett WC, Colditz GA. Milk, dairy fat,
dietary calcium, and weight gain: a longitudinal study of adolescents.
Arch Pediatr Adolesc Med 2005;159:543-50.

Thankamony A, Ong KK, Ahmed ML, Ness AR, Holly JM, Dunger DB.
Higher levels of IGF-I and adrenal androgens at age 8 years are
associated with earlier age at menarche in girls. J Clin Endocrinol
Metab 2012;97:E786-90.

Adebamowo CA, Spiegelman D, Berkey CS, Danby FW, Rockett HH,
Colditz GA, Willett WC, Holmes MD. Milk consumption and acne in
adolescent girls. Dermatol Online ] 2006;12:1.

Desmangles JC, Lappe JM, Lipaczewski G, Haynatzki G. Accuracy of pubertal
Tanner staging self-reporting. J Pediatr Endocrinol Metab 2006;19:213-21.
Euling SY, Herman-Giddens ME, Lee PA, Selevan SG, Juul A, Sorensen
TI, Dunkel L, Himes JH, Teilmann G, Swan SH. Examination of US
puberty-timing data from 1940 to 1994 for secular trends: panel
findings. Pediatrics 2008;121: Suppl 3:5172-91.

Chavarro JE, Rich-Edwards JW, Rosner B, Willett WC. A prospective
study of dairy foods intake and anovulatory infertility. Hum Reprod
2007;22:1340-7.



