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Effects of Average Childhood Dairy Intake on Adolescent Bone Health

LYNN L. MOORE, DSC, MPH, M. LORING BRADLEE, MS, DI GAO, AS, AND MARTHA R. SINGER, MPH, RD

bjective To evaluate the effects of usual childhood dairy intake on adolescent bone health.

tudy design Dietary data collected in the Framingham Children’s Study over 12 years were used to evaluate usual dairy
onsumption and adolescent bone health. Each child’s average Food Pyramid servings were estimated from yearly sets of 3-day
iet records. Bone mineral content (BMC) and area (BA) for total body and 6 regions (arms, legs, trunk, ribs, pelvis, and spine)
t ages 15 to 17 years were the primary outcomes. Analysis of covariance was used to adjust for potential confounding by sex
nd physical activity, as well as age, height, body mass index and percent body fat at the time of the bone scan.

esults Consuming > 2 servings/day of dairy (versus less) was associated with significantly higher mean BMC and BA.
igher intakes of meats/other proteins (> 4 servings per/day) were also associated with higher mean BMC and BA values.
hildren with higher intakes of both dairy and meats/other proteins had the highest adjusted BMC (3090.1 g), and children
onsuming less of each had the lowest BMC (2740.2 g).

onclusions These prospective data provide evidence for a beneficial effect of childhood dairy consumption on adolescent
one health. (J Pediatr 2008;xx:xxx)

he long-term effect of childhood dairy consumption on bone health is still debated. Although calcium has been thought
to underlie the beneficial effect of dairy on bone health, some question whether such an effect even exists. Most studies
have shown at least short-term benefits of calcium supplementation,1-4 especially among children with very low baseline

ntakes. Among adolescents, the effects have been studied primarily in girls; most have also found beneficial effects, although
o a lesser degree than generally found in younger girls.5-8

Whether the effects of calcium supplementation last beyond the initial intervention period has been questioned by
nvestigators reevaluating studies of children participating in earlier supplementation trials. Follow-up periods have differed
cross trials and the findings have been inconsistent.9-11 Some investigators have suggested that when the intervention is stopped,
hildren in the control group will eventually acquire levels of bone mass that are comparable to those of the supplemented
roup.12

The effect of dairy on bone health in children and adolescents has been studied less often than calcium, but most
rospective studies and clinical trials have found that dairy intake is positively correlated with BMD or bone mass.13-16 One
eviewer compared 5 such trials and concluded that when dairy served as the source of the
alcium the beneficial effects on bone density were stronger than those seen with
upplements alone.17

Long-term trials of dairy intake throughout childhood would not be feasible.
herefore previous trials have had relatively short intervention periods, ranging from

bout 12 to 24 months. Although these studies provide valuable data on dairy’s effects on
one, it is not possible to extrapolate these effects to longer-term outcomes. However, the
xistence of short-term benefits suggests that a lifestyle with higher intakes of dairy (and
alcium) may lead to higher peak bone mass during the period of bone accrual. Thus
ietary data from longitudinal studies of children are likely to provide the best available
vidence for determining the long-term benefits of dairy consumption. This study uses
rospective data collected over 12 years in the Framingham Children’s Study (FCS). The
oal of the analysis is to evaluate the effects of average dairy intake throughout childhood
n adolescent bone mineral content, area and density.

A Bone area
MC Bone mineral content
MD Bone mineral density

DXA Dual energy X-ray absorptiometry
FCS Framingham Children’s Study
USDA United States Department of Agriculture
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METHODS

The FCS is a prospective study of diet, activity, and
arious physical and psychosocial risk factors among third and
ourth generation descendents of the members of the original
ramingham cohort. All subjects are Caucasian. A total of
06 children (ages 3 to 5 years at baseline) and their parents
ere enrolled in 1987 and followed annually through 1999.
nly 1 child per family was enrolled. The study was con-

ucted with the full approval of the Institutional Review
oard of the Boston University Medical Center and written

nformed consent procedures were strictly followed.
Dietary intake was assessed by means of multiple sets of

-day food diaries collected throughout the study. Four sets
ere collected during the first year and 1 or 2 sets in each

ubsequent year. The study nutritionist instructed each family
n diary completion, including the estimation of portion sizes.

uring the early years of the study, parents completed all food
iaries for the children and themselves. Beginning at about
ge 10, the child assisted in the collection of the dietary data,
radually assuming more responsibility. Food diary data were
ntered into the Nutrition Data System of the University of

innesota18 for the calculation of mean intakes of macronu-
rients and micronutrients.

The child’s average daily servings of dairy as defined by
he United States Department of Agriculture’s (USDA) Food
uide Pyramid19 were estimated by combining FCS food

iary data with the Food Pyramid serving database using the
echnical files of the USDA’s Continuing Survey of Food
ntake by Individuals.20 The food codes were linked with
utrition Data System food codes whenever possible. When

nformation on composite foods was insufficient to make an
xact match, nutrient content data along with recipe and
ngredient information were compared to determine the ap-
ropriate food servings for each food component. The USDA
airy group consists of milk, yogurt, and cheese; 1 serving is
efined as a cup of milk or yogurt, 1.5 ounces of natural
heese, or 2.0 ounces of processed cheese. For other cheeses
eg, cottage cheese, cream cheese), a serving is defined as the
mount of the food that provides about the same amount of
alcium as a cup of milk. To estimate average servings of dairy
er day over all years, we first estimated average intake at each
ge and then took the average intake over all ages during the
xposure period of interest. The exposure period for the
ietary variables ended during the cycle prior to the time of
he bone scan.

Bone mineral content (BMC), bone mineral density
BMD), and bone area (BA) were assessed in the final year of
he study when the children were 15 to 17 years of age with
Lunar DPX-L scanner (Lunar Corporation, Madison, Wis-
onsin). The scan was carried out by experienced technicians
rom the Framingham Osteoporosis Study.21 Subjects were
canned in a supine position with arms against the side of the
ody, palms facing down. The results of all scans were ana-
yzed with the Lunar IQ program, software version 4.6b. The
canner provided estimates for both bone and soft tissue

ariables for the total body and specific regions (ie, arms, legs, a

Moore et al
runk, ribs, pelvis and spine). The same quality control pro-
edures as were used in the adult Framingham Study were
sed with the children. When outliers were detected, the
cans were reanalyzed after checking all of the measures that
ad been entered into the software program. Some input
rrors were able to be corrected in this fashion and other
rrors (eg, resulting from significant artifact or incorrect po-
itioning of the subject) led to exclusion of the data for that
ubject.

Total body BMC was estimated (in grams) by contin-
ous scanner sampling across all body areas, with the output
alibrated against standards for known BMC to correct for
ystematic errors. BMD is expressed as grams per centimeter
quared of BA. Because the use of BMD may lead to over-
stimation of the dietary effects for children with larger bones,
MC is used here as the primary outcome of interest with BA
s a secondary outcome.22 To allow for comparison with
reviously published results, however, the effects of dairy on
otal BMD are given as well. Finally, BMC and BA were
easured for the 6 individual regions. Of the 106 families
ho enrolled in the study, 84 had complete and usable data at

he end of the study, as well as a dual energy X-ray absorp-
iometry (DXA) scan.

Data on potential confounding factors included the
ollowing: (a) mother’s age, education level, and child’s age
nd sex (baseline variables); (b) child’s physical activity (Cal-
rac counts per hour), television viewing (hours per day), and
nergy intake (kilocalories per day) (average from each annual
xam visit during the exposure period); (c) change in child’s
eight throughout childhood as well as maximum height
elocity and the age at maximum height velocity; (d) child’s
ge, height, height z-score, weight, weight z-score, body mass
ndex (BMI), BMI z-score and percent body fat (measured at
he time of the bone scan); and (e) pubertal development
Tanner) stage and age at menarche for the girls.

Physical activity was assessed during each examination
ycle on multiple days with the same electronic motion sensor
Caltrac accelerometer; Muscle Dynamics, Torrance, Califor-
ia).23 A questionnaire was used to ascertain the number of
ours of television watched per day on weekdays and school-
ays. Duplicate height and weight measures were taken with-
ut shoes (and in light clothing) at each annual visit using a
tandard counterbalance scale with a measuring bar. The
hild’s attained height at the time of the bone scan was
xamined as a potential confounder as well as the change in
eight, estimated as both height velocity (change in height
rom 1 examination to the next divided by time between
xams) and slope (average yearly change in height using all
easures from baseline through examination 11). Because
aximum height velocity and age at the time of maximum

elocity are correlated with maturational development during
dolescence, we considered both of these variables as potential
onfounders. Body mass index (BMI) was calculated for each
xamination as the child’s weight (in kilograms) divided by
eight in meters, squared. The z-scores for height, weight,

nd BMI were estimated with available standards from the

The Journal of Pediatrics • Month 2008
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enters for Disease Control and Prevention.24 Percent body

at (by region and in total) was measured as a part of the DXA
can and was calculated as grams of fat divided by the sum of
oft tissue and BMC.

tatistical Analysis
The primary exposure of interest for these analyses was

he child’s average daily servings of dairy per day throughout
hildhood. Based on a sensitivity analysis and power consid-
rations, two servings of dairy per day was chosen to define
ower vs. higher dairy intake (ie, �2 servings vs �2 servings/
). Analysis of covariance models (in Proc GLM, SAS version
.1) were used to estimate the child’s adjusted mean BMC, BA,
nd BMD associated with dairy consumption. Each bone out-
ome was examined separately as a result of strong intercorrela-
ions between outcomes (ie, BMC, BA, BMD). Results are
resented for total and region-specific bone outcomes, adjusting
or body size and other potential confounding variables.

All potential confounders were examined singly and in
ombination. Only those variables that changed the effect
stimates by 10% or more were retained in the final model.

any of the variables related to body size were highly col-
inear and therefore not included simultaneously in the mod-
ls. For example, the Pearson correlation between weight and
MI was 0.87. In general, the variable that was the strongest
onfounder was retained in the final model. The child’s final
ttained height was a stronger confounder than was height
elocity, age at the time of maximum height velocity, or yearly
hange in height, leading us to keep attained height in the
odels. Maternal age and education level led to no confound-

ng and were dropped from the models. The child’s TV
iewing time was collinear with physical activity and led to no
onfounding. It was therefore dropped along with energy
ntake and Tanner Stage, which also led to no confounding of
he estimates. Age at menarche was considered as a potential
onfounder among girls; the results with and without this
ariable were virtually identical. Therefore, the potential con-
ounding factors that were retained in the final models included
ex and mean physical activity level (Caltrac counts per hour)
uring the exposure period, as well as age, height, BMI, and
ercent body fat (from DXA) at the time of the bone scan.

RESULTS
Table I provides descriptive data for the children ac-

ording to their usual childhood dairy consumption. The
eans for most baseline variables in Table I were adjusted for

he child’s sex and baseline age using a general linear model to
stimate least squares means. Mean values at the time of the
one scan were adjusted for sex and age at the time of the
can. Children consuming 2 or more servings of dairy per day
ere, on average, slightly more active and watched less tele-
ision than those consuming less. They consumed fewer veg-
tables but otherwise their food intake patterns were similar.
igher dairy intake was associated with greater caloric con-

umption as well as higher intakes of many beneficial micro-

utrients. At the time of the bone scan, children consuming d

ffects of Average Childhood Dairy Intake on Adolescent Bone Health
or more servings of dairy per day were taller and heavier but
ad a lower BMI than those consuming less.

Table II shows the mean BMC, BA, and BMD levels
ssociated with dairy intake after adjusting for sex, activity
evel throughout childhood and age, height, BMI, and per-
ent body fat at the time of the bone scan. Consuming 2 or
ore dairy servings per day was associated with significantly

igher BMC, BA, and BMD. Overall, children who con-
umed two or more servings of dairy per day throughout
hildhood had a mean BMC level that was 175 gm higher
han that of children consuming less (P � .009). When we
xamined dairy intake at different age periods instead of
verage dairy throughout childhood, the effects were weaker.
ntake at 13 to 17 years of age was a stronger predictor of
one health than was intake at earlier ages. For example,
onsuming 2 or more servings of dairy per day at 13 to 17
ears of age was associated with an adolescent BMC that was
13 gm higher than that of lower dairy consumers (P � .063).
igher dairy intake at 3 to 6 years of age was only associated
ith a BMC that was 29 gm higher (P � .612) than that of

hildren with lower intakes, and the effects at 7 to 11 years of
ge were intermediate. Thus the strongest predictor of bone
ealth was mean dairy intake during all childhood years
receding the bone scan.

The combined effects of dairy and foods in other
SDA food groups are also explored in Table II. For each

ombined exposure, children were classified into one of the
ollowing categories: high/high, high/low, low/high, and low/
ow. For example, for the dairy/meat cross-classification, a
hild who was classified as “high/high” had higher intakes of
airy (2 or more servings) and higher intakes of meats and
ther nondairy proteins (4 or more servings).

Children having high intakes in both dairy and meat/
ther nondairy proteins had the highest level of BMC (3090.1
), and those with low intakes of both foods had the lowest
MC levels (2740.2 g). A higher dairy intake alone (high/

ow) was slightly more beneficial to BMC (2914.0 g) than was
higher intake of meats and other proteins alone (low/high)

BMC � 2854.9 g).
In each cross-classification, children with higher intakes

n both of the selected food groups had the highest BMC
evels, and those with lower intakes in both food groups had
he lowest BMC levels. Another consistent finding through-
ut Table II was that dairy intake, whether alone or in
ombination with other dietary factors, had a strong beneficial
ffect on all bone outcomes.

Table III focuses on dairy’s effects on region-specific
one outcomes. Here, the consumption of two or more serv-
ngs per day throughout the childhood years led to higher
MC levels by the time of adolescence in all individual

egions, but especially in the arms, legs, trunk, ribs, and pelvis.

DISCUSSION
This study provides longitudinal evidence that childhood

airy intake directly affects adolescent bone health. The effects of

airy in this study were not restricted to appendicular bone as has
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een suggested in some previous studies.25 Instead, these bene-
cial effects were seen across various regions, including weight-
earing and non-weight-bearing appendicular bone, as well as
xial bone. The beneficial effects of dairy on total body bone
ealth were strengthened by diets that were higher in meats and
ther nondairy proteins.

Peak bone mass is acquired during adolescence. Al-
hough genetics may account for 75% of peak bone mass,
iet and activity are crucial modifiable contributors.26

airy is the primary source of calcium in the diets of
merican children. Even though the USDA recommends
or more servings of dairy per day for children aged 9 years

nd older, we used 2 servings per day here to define higher
nd lower levels of intake; this exposure variable reflects
verage intake over several years, ranging from preschool
ge to adolescence. There were too few children consuming
or more servings per day throughout childhood to eval-

able I. Characteristics of children according to usua

Characteristics

Dairy (>2 servin

(Mean �

aseline data*
Baseline age 4.0 �
Baseline height 40.6 �
Baseline BMI 16.0 �
easures of activity and inactivity†
Activity (Caltrac counts/hour) 10.8 �
TV (hours/day) 2.1 �

ood intakes (servings per day)*
Dairy 2.6 �
Fruit 1.8 �
Vegetables 1.7 �
Grains 6.8 �
Meat /other non-dairy proteins 3.6 �
utrient intakes (per day)*
Energy (kilocalories) 1974.2 �
Calcium (mg) 1036.6 �
Magnesium (mg) 237.2 �
Phosphorus (mg) 1249.8 �
Potassium (mg) 2275.9 �
Zinc (mg) 9.2 �
Vitamin D (�g) 6.9 �
eight velocity
Maximum height velocity (inches/year) 3.2 �
Age at maximum height velocity 12.4 �

haracteristics at time of bone scan‡
Age 15.9 �
Height 68.5 �
Weight 153.5 �
BMI 22.9 �
Height z-scores 0.65 �
Weight z-scores 0.91 �
BMI z-scores 0.62 �

Baseline height and BMI adjusted for sex and baseline age.
Means (adjusted for age and sex) are estimated as an average during exposure period
Height, weight and BMI at time of bone scan adjusted for sex and age at time of bo
ate this higher cut point. v

Moore et al
Earlier studies of calcium effects on bone mass have
ielded conflicting results. The calcium content of bone is
etermined by a tightly regulated system in which adequate
ietary calcium is essential. It is possible that above some
hreshold, additional calcium provides no additional benefit.
s noted in a review by Wosje and Specker,27 results may also

ary from study to study because of methodologic differ-
nce such as the use of varying referent groups, failure to
nclude a clear control group, narrow ranges of intake, or
he use of bone measurements from different sites. Al-
hough reviews have shown that calcium intake may have
eneficial short-term effects on bone health, some have
oncluded that these short-term effects do not persist over
ime.25 This longitudinal study therefore provides impor-
ant information about the effects of longer-term patterns
f intake on peak bone mass.

In the United States, dairy is a key dietary source of

iry intake throughout childhood

n � 49) Dairy (<2 servings) (n � 35)

P value(Mean � SE)

4.0 � 0.85 .8601
40.0 � 0.32 .1594
16.5 � 0.22 .1119

10.0 � 0.30 .0630
2.3 � 0.15 .2143

1.6 � 0.09 �.0001
1.9 � 0.18 .7460
2.0 � 0.13 .2094
6.7 � 0.21 .7796
3.5 � 0.19 .7756

1799.0 � 43.6 .0059
747.8 � 30.3 �.0001
203.2 � 6.9 .0008

1002.6 � 31.1 �.0001
1985.5 � 69.8 .0044

8.1 � 0.29 .0087
4.3 � 0.29 �.0001

3.1 � 0.72 .5848
11.7 � 1.5 .0172

16.0 � 1.0 .9117
66.6 � 0.51 .0113

151.0 � 5.7 .7559
23.8 � 0.83 .4199
0.21 � 1.1 .0425
0.59 � 0.93 .1157
0.52 � 0.97 .6347

preschool to exam before bone scan).
.

l da

gs) (

SE)

0.69
0.27
0.18

0.25
0.12

0.08
0.15
0.11
0.17
0.15

35.5
24.7
5.6
25.3
56.9
0.24
0.24

0.76
1.5

0.79
0.42
4.6
0.68
0.89
0.88
0.92
itamin D, a nutrient that is essential to efficient intestinal

The Journal of Pediatrics • Month 2008
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bsorption of calcium. Although most dairy consumed is in
he form of fluid milk throughout childhood and adoles-
ence, this is particularly true during the childhood and
arly adolescent years.28 Thus children who consume more
airy will not only take in more calcium, but more vitamin

as well. Dairy proteins may also play a role. Whey, the
rincipal dairy protein, may affect the acquisition of bone
y increasing osteoblastic activity and reducing the oste-
clastic process.29 Whey protein has also been shown to
uppress bone resorption.30 Thus it is possible that this
airy protein could provide beneficial effects on bone min-
ralization in children.

In this study, the combined intakes of dairy, meats, and

able II. Combined effects of dairy and other factors

Intake categories (3-17 Years) (n)

Bone mineral con
(g)

(Mean � SE)* P

airy†
�2 servings 49 2966.6 � 36.7
�2 servings 35 2791.6 � 45.3

P � .009
airy/Meats & other proteins‡
High/high 19 3090.1 � 57.3
High/low 30 2914.0 � 41.3
Low/high 9 2854.9 � 75.2
Low/low 26 2740.2 � 51.5
airy/Fruit & vegetables‡
High/high 35 2985.8 � 41.8
High/low 14 2924.2 � 63.0
Low/high 22 2836.2 � 52.9
Low/low 13 2710.0 � 67.8
airy/Grains‡
High/high 24 3008.7 � 51.6
High/low 25 2936.4 � 47.9
Low/high 9 2825.3 � 77.9
Low/low 26 2770.1 � 56.1

All models are adjusted for sex, physical activity (Caltrac counts/hour) and age, heigh
Low dairy: �2 servings.
Low meat & non-dairy proteins: �4 servings; low fruit & vegetables: �3 servings: lo

able III. Effect of dairy intake on region-specific bon

Mean Dairy Intake
(3-17 Years) (n)

Arms Legs

(Mean � SE) (Mean � SE

one mineral content (g)
Dairy �2 servings 49 334.5 � 6.8 1089.9 � 13.
Dairy �2 servings 35 309.7 � 8.4 1042.0 � 16.
P value P � .0456 P � .0528

one Area (cm2)
Dairy �2 servings 49 365.2 � 4.8 842.4 � 5.5
Dairy �2 servings 35 354.9 � 5.9 836.1 � 6.9
P value P � .2291 P � .5218

All models adjusted for sex, physical activity (Caltrac counts/hour) and age, height, B
ther protein source foods were associated with a higher m

ffects of Average Childhood Dairy Intake on Adolescent Bone Health
MC, BMD, and BA. Historically, higher intakes of dietary
rotein in adults have been believed to lead to increased bone
esorption and increased fracture risk.31-33 However, many
pidemiologic studies and clinical trials have found that
igher protein intakes were associated with less bone loss and
reduced risk of hip fracture.21,34-36 The consumption of

nimal protein, particularly milk, stimulates the production and
ction of insulin-like growth factor-1, which promotes greater
inear growth in children.34,37,38 Thus insulin-like growth fac-
or-1 may support bone formation and help to offset the renal
oss of calcium that may be associated with protein intake.

Dawson-Hughes39 concluded that protein intake has
ore favorable effects on bone when dietary calcium require-

bone outcomes during adolescence

Bone area
(cm2)

Bone mineral density
(g/cm2)

e (Mean � SE)* P value (Mean � SE)* P value

2477.1 � 15.0 1.19 � 0.01
2412.8 � 18.6 1.15 � 0.01

P � .019 P � .022

2503.2 � 24.0 ref 1.22 � 0.02 ref
2468.2 � 17.3 .213 1.17 � 0.01 .009
2456.5 � 31.5 .267 1.16 � 0.02 .015
2388.9 � 21.6 .002 1.14 � 0.01 .001

2490.5 � 16.8 ref 1.19 � 0.01 ref
2446.5 � 25.4 .134 1.18 � 0.02 .457
2434.3 � 21.3 .061 1.16 � 0.01 .083
2373.5 � 27.3 .001 1.13 � 0.02 .006

2482.9 � 20.9 ref 1.20 � 0.01 ref
2480.1 � 19.3 .917 1.18 � 0.01 .200
2460.9 � 31.5 .563 1.14 � 0.02 .025
2388.0 � 22.7 .008 1.15 � 0.01 .027

I, activity, and percent body fat (from DXA) at the time of bone scan.

ns: �7 servings.

utcomes during adolescence

Trunk Ribs Pelvis Spine

Mean � SE) (Mean � SE) (Mean � SE) (Mean � SE)

069.3 � 16.7 403.1 � 8.4 399.1 � 6.8 267.1 � 5.1
982.4 � 20.7 361.5 � 10.4 368.3 � 8.4 252.6 � 6.3
P � .0047 P � .0070 P � .0130 P � .1146

037.7 � 9.9 501.8 � 6.6 315.3 � 3.8 220.4 � 3.3
990.8 � 12.3 469.2 � 8.2 304.7 � 4.7 216.9 � 4.0
P � .0097 P � .0074 P � .1116 P � .5516

d percent body fat (from DXA) at time of bone scan.
on

tent

valu

ref
.010
.021
.000

ref
.396
.045
.002

ref
.276
.054
.007

t, BM
e o

) (

6 1
9

1

ents are met. Spencer et al40 suggest that the beneficial
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ffects of abundant dietary protein on calcium balance may be
ttributable to its phosphorus content. Thus the effects of
ietary proteins on bone health may depend on total nutrient
omposition of the protein food sources.32 Just as calcium in
airy may offset the potential leeching of calcium associated
ith high protein intakes, the high potassium content of plant
roteins seems to offset any negative protein effects and decrease
rinary calcium losses. The intakes of 2 or more servings of dairy
ombined with higher intakes of fruits and vegetables in this
tudy led to higher bone mass. This too could be attributable to
he vitamin and mineral content of fruits and vegetables (eg,
otassium) that are important to bone health.

The FCS has a number of important strengths, but one
f the most important ones is the availability of detailed
ietary data collected over many years during childhood. This
nabled us to classify the children more accurately with re-
pect to their usual pattern of dietary intake. Also, detailed
ovariate information was collected over the years, giving us
etter control of possible confounding by other factors such as
ge, body size, and physical activity. It is possible that higher
airy consumption simply reflects a healthier lifestyle in gen-
ral. Thus the ability to control confounding by such factors
s physical activity level is particularly important. The multi-
le years of replicate data on activity with an electronic
otion sensor is an important strength of the study. The most

otable weakness of the FCS is its sample size, which yields
imited power for stratified analyses. We attempted to exam-
ne the effects of meeting USDA Dietary Guideline recom-

endations for dairy intake. However, because only 16.7% of
hildren in this sample at 9 to 17 years of age met the
uidelines for dairy (and only 12% met the guidelines for
alcium), there was inadequate power to address questions
ssociated with the effects of meeting the Dietary Guidelines.

The findings of this study confirm the importance of a
iet rich in dairy and other protein sources on adolescent bone
ass. Many previous studies have examined shorter-term

utrient effects, most notably calcium effects, in clinical trials.
lthough these studies have aided in understanding of the
otential mechanism of dairy’s beneficial effects, they do not
rovide the sufficient evidence of longer-term effects. The
ata from the FCS add to our knowledge and understanding
f the longer-term effects of dietary patterns on bone health
n growing children.
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