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ABSTRACT 
Background: Increased soft-drink consumption has contributed to poor calcium intake with 90% 
of adolescent girls consuming less than the RDA for calcium. 
Purpose/objectives: The purpose of this investigation was to determine the independent and 
additive effects of two interventions (milk and resistance training) on nutrient adequacy, body 
composition, and bone health in adolescent girls. 
Methods: The experimental design consisted of four experimental groups of adolescent girls 
14–17 years of age: (1) Milk þ resistance training [MRT]; n ¼ 15; (2) Resistance training only [RT]; 
n ¼ 15; (3) Milk only [M] n ¼ 20; (4) Control [C] n ¼ 16. A few significant differences were observed 
at baseline between the groups for subject characteristics. Testing was performed pre and post-
12 week training period for all groups. Milk was provided (3, 8 oz servings) for both the MRT and 
the M groups. The MRT group and the RT groups performed a supervised periodized resistance 
training program consisting of supervised one-hour exercise sessions 3 d/wk (M, W, F) for 12 wk. 
Baseline dietary data was collected utilizing the NUT-P-FFQ and/or a 120 item FFQ developed by 
the Fred Hutchinson Cancer Research Center (Seattle, Washington). Body composition was meas-
ured in the morning after an overnight fast using dual-energy X-ray absorptiometry (DXA) with a 
total body scanner (ProdigyTM, Lunar Corporation, Madison, WI). A whole body scan for bone 
density and lumbar spine scans were performed on all subjects. Maximal strength of the upper 
and lower body was assessed via a one-repetition maximum (1-RM) squat and bench press exer-
cise protocols. Significance was set at P 0.05. 
Results: Significant differences in nutrient intakes between groups generally reflected the nutrient 
composition of milk with greater intakes of protein and improved nutrient adequacy for several B 
vitamins, vitamin A, vitamin D, calcium, magnesium, phosphorus, potassium, and zinc. Mean cal-
cium intake was 758 and 1581 mg/d, in the non-milk and milk groups, respectively, with 100% of 
girls in the milk groups consuming > RDA of 1300 mg/d. There were no effects of milk on body 
composition or muscle performance, but resistance training had a main effect and significantly 
increased body mass, lean body mass, muscle strength, and muscle endurance. There was a main 
effect of milk and resistance training on several measures of bone mineral density (BMD). Changes 
in whole body BMD in the M, RT, MRT, and CON were 0.45, 0.52, 1.32, and 0.19%, respect-
ively (P < 0.01). 
Conclusions: Over the course of 12 weeks the effects of 1300 mg/d of calcium in the form of fluid milk 
combined with a heavy resistance training program resulted in the additive effects of greater nutrient 
adequacy and BMD in adolescent girls. While further studies are needed, combining increased milk 
consumption with resistance training appears to optimize bone health in adolescent girls. 

Introduction 

Lifestyle choices during adolescence, especially for young 
girls, have a significant effect on health and risk for disease 
later in life (1–4). While it is recognized that nutrition and 
exercise habits are essential behaviors to address in adoles-
cents, surprisingly few intervention studies have been con-
ducted in this population, particularly in teenage girls. It is 
now well known that progressive heavy resistance training 

can be an effective modality to improve strength and fitness 
along with other health related outcomes in children with a 
properly designed and supervised programs (5–7). However, 
to our knowledge, no investigations examining progressive 
heavy resistance training in younger girls and the synergistic 
effects of a dietary intervention have been undertaken. It 
would appear that diet and exercise do represent modifiable 
factors that can have a significant impact on the health in 
this under-studied population (8–14). 
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A
 poor nutrient 

adequacy and physical 
inactivity profile 

have been observed in adolescent girls w
hich along w

ith inad-
equate intake of calcium

 and w
eight-bearing exercise that can 

com
prom

ise the developm
ent of peak bone m

ass (15, 16). It 
m
ay also contribute to the accum

ulation of excess body fat 
(17). 

A
ccording 

to 
the 

U
S 

D
epartm

ent 
of 

A
griculture 

(U
SD

A
), 

90%
 
of 

teenage 
girls 

do 
not 

m
eet 

the 
current 

1300 m
g/d calcium

 recom
m
endation advised for teenagers (12, 

18). It appears that this m
ay w

ell have been m
ediated by the 

fact that soft drinks and juices have displaced m
ilk and con-

tributed 
to 

poor 
calcium

 
intakes 

in 
addition 

to 
inadequate 

intakes of several other nutrients (19–23). D
eclining m

ilk and 
increased consum

ption of sw
eetened drinks in adolescent girls 

and boys has contributed to not only deficient calcium
 but 

also 
folate, 

phosphorous, 
m
agnesium

, 
V
itam

in 
A
, 
iron 

and 
riboflavin 

(24). 
W
hile 

still 
an 

ongoing 
line 

of 
research 

is 
needed, it is possible that deficient intakes of dietary calcium

 
am

ong 
adolescents’ 

principally 
young 

teenage 
girls 

m
ay 

adversely m
odify their risk of pathologies over the lifespan 

related
 to

bone
and

 adiposity
(2–4, 25).

 T
he

role
of

 dairy
 

products and its influence on body w
eight and fat in adoles-

cent girls rem
ains unclear and the synergistic interactions w

ith 
resistance exercise have not been adequately exam

ined (25). 
T
he 

im
portance 

of 
regular 

physical 
activity 

during 
the 

grow
ing years, especially w

eight-bearing exercise, in optim
iz-

ing bone m
ineralization has also becom

e m
ore apparent (6, 

26). Several studies indicate resistance training is effective in 
im

proving m
uscle strength and m

uscle size in children and 
during later stages of the teenage years in youth (14, 27). 
H
ow

ever, there are few
 prospective heavy resistance training 

intervention studies exam
ining bone m

ineral density (B
M
D
) 

except from
 our laboratory w

ork in adolescent boys w
here 

im
provem

ents 
in 

bone 
w
ere 

seen 
w
ith 

such 
a 

synergistic 
interactions w

ith m
ilk as hypothesized for this study in ado-

lescent girls (28). A
dditionally, prior w

ork from
 our labora-

tory studies show
ed in a cross-sectional study that adolescent 

boys (14–17 yrs) w
ho w

ere junior O
lym

pic w
eightlifters had 

significantly higher B
M
D

 com
pared to age-m

atched controls 
(29), 

providing 
evidence 

that 
heavy 

resistance 
training 

is 
effective in augm

enting bone m
ineral acquisition during ado-

lescence. O
ne prospective study has exam

ined the effects of a 
resistance 

training 
program

 
on 

B
M
D

 
in 

adolescent 
girls, 

w
hich show

ed a favorable trend on bone after 26 w
eeks of 

training (30). T
his first finding w

as supported by a m
eta-ana-

lysis 
and 

system
atic 

review
 
w
hich 

include 
som

e 
data 

on 
young 

girls 
w
hich 

has 
indicated 

that 
peak 

bone 
m
ass 

in 
young girls can be im

proved w
ith short bouts of school-based 

high-im
pact 

exercise 
(31). 

Furtherm
ore, 

resistance 
training 

appears to be an im
portant m

odality for optim
izing preserva-

tion and im
provem

ent of B
M
D

 in w
om

en across the lifespan. 
T
he purpose of this investigation w

as to determ
ine the 

independent and additive effects of tw
o interventions (m

ilk 
and resistance training) on nutrient adequacy, body com

pos-
ition, and bone health in adolescent girls. In addition, w

e 
sought to characterize the nutrient intakes using tw

o dietary 
assessm

ent m
ethods and determ

ine the beverage consum
ption 

patterns 
in 

teenage 
girls. 

W
e 

hypothesized 
that 

providing 
additional m

ilk, a rich source of calcium
 and other nutrients, 

Table 1. Subject characteristics at the start of the study. 

M
RT

RT
CO

N
 

M
 

Variable 
(n ¼

 15) 
(n ¼

 15) 
(n ¼

 16) 
(n ¼

 20) 

Age (yrs) 
15.7 ±

 1.3 
15.4 ±

 1.4 
15.4 ±

 1.2 
15.1 ±

 1.5 
H
eight (cm

) 
166.3 ±

 5.9 
167.0 ±

 4.9 
165.7 ±

 5.9 
162.5 ±

 6.4 
W
eight (kg) 

61.6 ±
 8.5

a 
61.0 ±

 8.3
a 

57.3 ±
 5.4

ab
 

54.9 ±
 8.8

b
 

Body Fat (%
) 

28.4 ±
 6.9 

26.8 ±
 6.8 

27.7 ±
 6.6 

25.5 ±
 5.6 

BM
D

 (g/cm
2) 

1.140 ±
 0.057

a 
1.159 ±

 0.066
a 

1.073 ±
 0.049

b
 

1.123 ±
 0.081

a 

Tanner Stage 
4.4 ±

 0.5 
4.5 ±

 0.5 
4.2 ±

 0.7 
4.3 ±

 0.7 

Abbreviations: M
RT: m

ilk+
resistance training; RT: resistance training; CO

N
: con-

trol; M
: m

ilk. 
Values are m

ean ±
 SD

. 
W
hole Body BM

D
 ¼

 bone m
ineral density. 

Values w
ith a different superscript are different (P 

0.05). 

w
ould 

im
prove 

nutrient 
adequacy. 

M
oreover, 

w
e 

expected 
that the com

bination of increased m
ilk and resistance training 

w
ould have an additive effect on bone health. 

M
eth

o
d
s

Experim
ental design

 and
 approach

 to
 the problem

 

A
dolescent 

girls 
w
ere 

placed 
into 

one 
of 

four 
groups: 

1. 
M
ilk þ

 resistance training [M
R
T
]; n ¼

 15; 2. R
esistance train-

ing only [R
T
]; n ¼

 15; 3. M
ilk only [M

] n ¼
 20; 4. C

ontrol 
[C

] n ¼
 16. G

irls in the m
ilk groups substituted 3 servings 

of m
ilk for other sugar containing beverages w

hile the R
T

 
and control groups m

aintained their habitual diet for 12 w
k. 

T
he resistance training groups 

perform
ed a 12 w

k w
hole 

body supervised, progressive heavy resistance training pro-
gram

 w
hile the M

 and C
O
N

 groups w
ere norm

ally active. 
T
esting w

as perform
ed in all four groups prior to and after 

the 12 w
k intervention. O

utcom
e variables included nutrient 

adequacy, bone health, body com
position (lean body m

ass 
and fat m

ass), and physical perform
ance. 

Subjects

A
ll 

procedures 
w
ere 

approved 
by 

an 
Institutional 

R
eview

 
B
oard for use of H

um
an Subjects. E

ach subject and her parent 
or guardian w

ere inform
ed of all of the potential risks and pro-

cedures to be used prior to the study and subsequently signed 
an inform

ed consent/assent docum
ent to participate. G

irls 
ranging in age from

 14 and 17 years w
ere recruited to partici-

pate in the study. G
roups w

ere m
atched for general character-

istics after screening. T
he girls in this study w

ere C
aucasian, 

healthy and per m
edical and dietary screening had no physical, 

health or eating disorders that w
ould lim

it their participation 
in the study or confound the results. T

he girls w
ere had not 

participated in any resistance training program
s. T

here w
ere a 

few
 significant anthropom

etric but no developm
ental differen-

ces am
ong the groups. B

ody m
ass and w

hole body B
M
D

 in 
the 

C
O
N

 
group 

w
as 

slightly 
low

er 
than 

M
R
T

 
and 

R
T

 
(P 

0.05). Subject characteristics are show
n in T

able 1. 

Screening procedures 

Interested volunteers participated in a tw
o-hour prelim

inary 
screening w

ith their parents that included a m
edical, onset 

of 
m
enarche 

and 
m
enstrual, 

nutrition 
and 

exercise 



® 

Table 2. N
utrient com

position of the M
ILK supplem

ent. 

1%
 M

ilk 
Am

ount 

Energy (kcal) 
330 

Protein (g) 
24 

Carbohydrate (g) 
35 

Fat (g) 
7.7 

Cholesterol (m
g) 

29.2 
Saturated Fat (g) 

4.5 
Calcium

 
900 

Trans Fatty Acid (g) 
0.2 

Sodium
 

365.5 
Potassium

 (m
g) 

1140.4 
Vitam

in A
 (IU

) 
1500 

Vitam
in C (m

g) 
7.0 

Iron (m
g) 

0.369 
Vitam

in D
 (IU

) 
293 

Thiam
in (m

g) 
0.29 

Riboflavin (m
g) 

1.22 
N
iacin (m

g) 
0.64 

Pyridoxine (m
g) 

0.32 
Folate (lg) 

37 
Cobalam

in (lg) 
2.69 

Biotin (lg) 
15 

Panothenic acid (m
g) 

2.36 
Phosphorus (m

g) 
702 

Sugar, Total (g) 
36 

M
agnesium

 (m
g) 

103 
Zinc (m

g) 
2.8 

Values represent daily intakes (i.e., 3 servings or 240 m
L). 

questionnaires. 
M
aturity 

status 
w
as 

determ
ined 

by 
self-

reported T
anner 

definition m
ethodology 

w
ith the help of 

their parent(s) (32). T
anner’s m

ethods have been previously 
validated in adolescents (33). A

n extensive dietary interview
 

to assess nutrient intake w
ith an em

phasis on calcium
 intake 

w
as perform

ed. A
 detailed dietary food frequency in add-

ition to a separate calcium
 history interview

 w
as conducted 

in person in order to assess habitual m
ilk and dairy product 

consum
ption. Subjects that consum

ed >
3 servings of fluid 

m
ilk or >

1000 m
g calcium

 per day w
ere excluded from

 par-
ticipation. O

ther exclusion criteria included: m
etabolic and/ 

or endocrine disorders, know
n history of bone disease (e.g., 

scoliosis), use of drugs that influence calcium
 m

etabolism
, 

sm
oking, eating disorders and w

eight change ±
10 lbs over 

the last m
onth. A

ll girls w
ere required to have com

m
enced

m
enarche and have a norm

al m
enstrual cycle; additionally 

girls that took oral contraceptive pills w
ere excluded. G

irls 
w
ere 

required 
to 

habitually 
engage 

in 
m
oderate 

aerobic 
physical activity, defined as participation in organized team

 
sports, 

school-based 
physical 

education 
classes 

and 
recre-

ational activities. N
o form

 of resistance training outside the 
research setting w

as perm
itted over the tim

e course of the 
investigation. M

edical clearance by each subject’s physician 
w
as required for her participation in the study. 

Supplem
ent intervention

 

In this study a great deal of tim
e and effort in dietary coun-

seling and record keeping w
as expended to support efficacy 

of the intervention. P
rior to the battery of testing subjects 

cam
e to the laboratory for a fam

iliarization session. A
t this 

tim
e, an intensive dietary counseling session w

as conducted. 
A
pproxim

ately, one and half hours w
as spent either indi-

vidually 
or 

in 
sm

all 
groups 

w
ith 

the 
subjects 

and 
their 

JO
U
RN

A
L O

F TH
E A

M
ERIC

A
N

 C
O
LLEG

E O
F N

U
TRITIO

N
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parents as subjects w
ere provided w

ith specific verbal and 
w
ritten instructions and procedures for reporting foods/bev-

erages 
consum

ed. 
C
harts, 

photographs 
and 

other 
supple-

m
ental 

learning 
m
aterials 

w
ere 

distributed 
to 

assist 
in 

accurate estim
ation of serving size portions. Subjects w

ere 
also given instructions to describe their portion sizes using 
household m

easures and w
eights. A

dditionally, during the 
subjects scheduled testing day another brief dietary counsel-
ing overview

 (30 m
in) w

as conducted to ensure subjects and 
their parents fully understood the im

portance of accurate 
dietary record keeping and m

ilk intervention com
pliance. 

T
he M

R
T

 and M
 group w

ere provided w
ith three 8 ounce 

servings of 1%
 fluid m

ilk and instructed to consum
e this in 

addition to their daily typical m
ilk and dairy consum

ption. 
In 

order 
to 

m
aintain 

energy 
balance, 

subjects 
in 

the 
M

 
group w

ere counseled to substitute fluid m
ilk for a nondairy 

source of equal energy. E
very effort w

as m
ade to substitute 

m
ilk for other sugar containing beverages. Subjects in the 

M
R
T

 group w
ere instructed to consum

e the m
ilk in addition 

to their norm
al caloric intake w

ith the assum
ption this w

as 
approxim

ately 
equal 

to 
the 

energy 
expenditure 

associated 
w
ith 

the 
resistance 

training. 
G
irls 

in 
the 

R
T

 
and 

C
O
N

 
groups did not receive any m

ilk and follow
ed their norm

al 
habitual diets and perform

ed all testing. 
A
ll 

groups 
recorded 

their 
daily 

beverage 
consum

ption
throughout the entire 12 w

eeks of the study. M
ilk w

as pro-
vided for both the M

R
T

 and the M
 groups. M

ilk w
as pro-

vided to subjects in the M
R
T

 group w
eekly at their exercise 

training sessions. T
he M

R
T

 subjects consum
ed tw

o-thirds (2 
cups) of their daily supplem

ent after each w
orkout in the 

presence of a m
em

ber of the investigative team
. Subjects in 

the M
R
T

 group received a w
eekly supply at their w

orkouts 
to consum

e on non-training days. Subjects in the M
 group 

received a tw
o-w

eek supply of m
ilk on scheduled visits to 

the laboratory or arranged drop off sites such as their hom
es 

or a local m
eeting place. 

Subjects in all four groups recorded the am
ount and tim

e 
they 

consum
ed 

their 
m
ilk 

(M
R
T

 
and 

M
 
groups) 

and 
all 

other beverages on specific beverage log sheets, w
hich w

ere 
checked 

regularly. T
he M

R
T

 
and the 

R
T

 
group beverage 

logs w
ere checked w

eekly at their w
orkout visits. Logs from

 
the M

 and C
 group w

ere checked on scheduled visits to the 
laboratory, arranged visits off site, or subjects m

ailed in their 
beverage logs in frequent increm

ents and follow
 up phone 

calls to m
onitor their entries w

ere m
ade. E

ach subject con-
tinued to receive instructions on how

 to fill in beverage logs 
and feedback about their progress in order to m

aintain con-
tact 

w
ith 

the 
subjects 

and 
insure 

proper 
dietary 

intakes. 
C
ontinuing dietary education also occurred on visits to the 

laboratory, 
via 

phone 
calls 

or 
e-m

ail 
com

m
unication. 

A
ll 

m
ilk w

as purchased from
 local grocery stores. T

he nutrient 
content of the m

ilk is show
n in T

able 2.

Progressive and
 periodized

 heavy resistance 
training protocol 

T
he M

R
T

 group and the R
T

 groups perform
ed a periodized 

progressive heavy resistance exercise program
 consisting of 
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supervised one-hour exercise sessions 3 d/wk (M, W, F) for 12 
wk. Make-up workout times were offered and were completed 
within the same week of the original missed workout slot. The 
ratio of trainer to subject was no more than 1:3 at each train-
ing session allowing for direct supervision of all workouts and 
their progression. The program consisted of varying training 
loads within each week of training (i.e., nonlinear periodiza-
tion) as well as increasing intensity with concomitant decreas-
ing volume over the 12 wk with the goal being to increase 
maximal strength in order to facilitate changes in body com-
position and bone mineral density (28, 34). Such variation of 
training intensity and volume was included to minimize bore-
dom with the weekly training sessions and to optimize 
strength and power performance gains (34). Both groups exer-
cised in the same facility, at the same time(s) of day, and uti-
lized identical equipment, which consisted of a combination of 
free weights and Cybex stack plate (CYBEX International, 
Medway, MA, USA) exercise machines. 

Monday workouts involved high-intensity training ses-
sions consisting of 3 sets of 8–10 repetition maximum zones 
(RMs) during wk 1–5, 6–8 RMs during wk 6–10, and 4–6 
RM zone during wk 11–12. Exercises included SMITH 
squats, bench press, leg press, T-Bar row, dumbbell incline 
press, narrow latissimus pull-down, machine shoulder press, 
and sit-ups. Wednesday workouts involved high-volume, 
moderate-intensity training sessions. Three sets each of back 
hyperextension, leg extension, leg curl, pec fly, wide latissi-
mus pull-down, triceps push-down, machine arm curl and 
heel raise were performed using 14 RM, 12 RM, and 10 RM 
training loads during wk 1–5, 6–10, and 11–12, respectively. 
Friday workouts involved moderate- to high-intensity train-
ing sessions including explosive power exercises. Three sets 
each of repetitive-body weight squat jumps, barbell squats, 
explosive hang pulls, bench press, machine row, dumbbell 
shoulder press and dumbbell curl were performed using 
8–10 RM, 6–8 RM, and 4–6 RM training loads during wk 
1–5, 6–10, and 11–12, respectively. Abdominal crunches 
were also performed on Friday (3 sets of 20–30 repetitions). 
Rest periods ranged from 2 to 3 min between sets and exer-
cises with longer rest periods for heavier loads. 

Nutrient intakes testing 

As part of the screening process, girls were required to com-
plete a food frequency questionnaire (FFQ)/history assess-
ment utilizing the NUT-P-FFQ and/or a 120 item FFQ 
developed by the Fred Hutchinson Cancer Research Center 
(Seattle, Washington). The Fred Hutchinson Cancer Research 
Center-FHCRC-FFQ has been validated in several studies 
(e.g., The Women’s Health Initiative (WHI) (35–37). The 
standardized FFQ is the most common dietary assessment 
tool used in large epidemiologic studies of diet and health. 
The primary purpose of the FFQ for this study was to screen 
for calcium intake. During the intervention part of the study, 
girls completed 7-day diaries (7DD) to determine average 
dietary energy and macro/micronutrient intakes at weeks 1 
and 12. The 7DD were used as the primary tool to assess 
energy and nutrient intake during the study. The FFQ was 

also completed during week 12 to capture nutrient intake 
during the experimental period and compare the results of 
the FFQ to the 7DD. Analysis of the FHCRC-FFQs was 
accomplished via optical scanning at FHCRC. Each batch of 
scanned FHCRC-FFQs yields files containing food consump-
tion data, nutrient intake data, and an error report that speci-
fies questionnaire completion errors (e.g. incomplete erasures, 
missed questions). The FHCRC-FFQ nutrient database is 
derived from the University of Minnesota Nutrition 
Coordinating Center nutrient database (38). After each par-
ticipant completed the FHCRC-FFQ, a quality assurance 
check, involving a though review of each FHCRC-FFQ was 
performed. Food diaries were checked for completeness and 
accuracy during scheduled visits to the laboratory, during 
workout sessions, or personal visits to subject’s homes. In 
addition to the 7DD (collected at weeks 1 and 12) all subjects 
were required to record all beverage consumption (soda, 
milk, juice, water etc.) consumed everyday during the entire 
12-week experimental period. 

Dietary information for the entire 12-week experimental 
study period (6,216 total days) were entered into a data base 
and analyzed for dietary energy, macronutrient and micronu-
trient composition using established nutritional software pack-
ages with NUTRITIONIST PROTM (NUT-P), (Version 2.4.1, 
First Databank Inc., The Hearst Corporation, San Bruno, CA). 

Girls were asked to save and return food labels with their 
completed 7DD and beverage logs to enhance accuracy of 
the nutrient analysis. When a food/beverage could not be 
located in the NUT-P database, searches were performed to 
locate nutrient information. This resulted in an extensively 
modified database of approximately 900 additional foods. 
Additionally the program can analyze an unlimited number 
of recipes that automatically takes into account nutrient 
losses and gains from cooking. The database contains over 
750 quantity and consumer recipes from USDA, 
Communicating Food for Health newsletter and Good 
Housekeeping but also has the option to add unlimited rec-
ipes. Upon nutrient data entries approximately 100 custom 
recipes were entered into the data base for analysis. 

To classify beverages patterns over the course of the 
experimental protocol, information from the detailed bever-
age records were tallied based on the following classification 
system: water, milk of all types (skim, 1%, 2% whole, soy, 
and flavored milks), 100% fruit or vegetable juices (distin-
guishing calcium fortified orange juices), fruit flavored 
drinks and aides (to include sweetened teas, part juice 
drinks, kool-aids, etc.), 0 calorie beverages (Crystal Light, 
diet teas), sports drinks, soft drinks (nondiet and diet) cof-
fee, tea, and coffee drinks, cocoa, and alcohol (including 
beer, wine, and liquor). The other milk beverage category 
included shakes and smoothies, and had to contain at least 
50% milk (determined by the National Dairy Council) but 
did not include dairy foods (i.e., yogurt). 

Anthropometric measurements 

Anthropometric measurements (height, weight, circumfer-
ences) were determined using standard procedures at weeks 
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0, and 12. Body mass was measured on an electronic scale 
to the nearest 100 grams in the subjects undergarments and 
height was be determined with a wall-mounted stadiometer 
to the nearest millimeter without shoes. Circumference 
measurements (waist and hip) were obtained in duplicate in 
serial fashion by the same investigator using standard meth-
ods (39, 40). 

Body composition, abdominal fat, and bone 

Body composition was measured in the morning after an 
overnight fast using dual-energy X-ray absorptiometry 
(DXA) on a total body scanner (ProdigyTM, Lunar 
Corporation, Madison, WI). A whole body and second lum-
bar spine scan was performed in all groups. A urine preg-
nancy test (Clear BlueVR , New Jersey, USA) was administered 
prior to the scans. For the whole body scan, subjects 
remained motionless in the supine position for approxi-
mately five minutes while the scanning arm of the DXA 
passed over their body from head to toe in parallel 1-cm 
strips. Soft tissue mass, which is comprised of fat mass and 
lean body mass, was measured pixel-by-pixel as a beam of 
photons penetrate the subjects’ body. The lumbar spine scan 
was performed after the whole body scan. During measure-
ment of the lumbar spine, subjects rested in the supine pos-
ition and a box was placed underneath their lower legs to 
facilitate flattening of the spine. The scan duration took 
about thirty seconds. A phantom spine provided by the 
company was analyzed over the course of the study to assess 
quality assurance and daily calibrations were performed 
prior to all scans using a calibration block provided by the 
manufacturer. 

All data analyses from the DXA were performed by the 
same blinded investigator using commercial software 
(enCORE version 6.00.270). From the whole body scan, the 
trunk, arm, and leg regions were identified according to 
anatomical landmarks manually adjusted by the technician 
using the region of interest function of the Lunar software 
(enCORE version 6.00.270). Regional analysis of the abdo-
men was also assessed by placing a box between the top of 
L2 and the bottom of L4 of the spinal column. To form 
the box, the regions of interest tool on the Lunar software 
was set superiorly in the inter-vertebral space, between the 
bottom of L1 and the top of L2. The lower part of the box 
was made with the region of interest tool that was placed 
posterally in the inter-vertebral space located between the 
bottom of L4 and the top of L5. This abdominal region of 
interest has been shown to be a highly reliable and accurate 
determinant of abdominal obesity compared to multi-slice 
computed tomography (41). Percent body fat was calcu-
lated as soft tissue fat tissue mass divided by the total soft 
tissue mass plus the estimated bone mineral content. The 
lumbar spine scan analysis was assessed by making a box 
between the top of L2 and the bottom of L4 of the spinal 
column. The region of interest tool on the Lunar software 
was used to make this box by placing the line superiorly in 
the inter-vertebral space, between the bottom of L1 and the 
top  of L2.  The  region  of interest  tool  made  the  lower  line  

of the box in the inter-vertebral space located between the 
bottom of L4 and the top of L5. The lumbar spine analysis 
included the anatomical landmarks of (L2-L4) which 
included data reported for L2, L3, and L4. Coefficients of 
variation on repeat scans with repositioning on a group of 
men and  women in our  laboratory  for  BMD,  BMC,  fat  
mass and lean body mass were 0.7, 0.6, 1.4, and 0.4, 
respectively. 

Physical performance testing 

Physical performance testing was performed on a plyometric 
power system (PPS) (Norsearch Limited, Lismore, Australia) 
consisting of a Smith rack and Olympic bar and weights 
interfaced to an online computer interface. Muscular 
strength and local muscular endurance were determined at 
wk 0 and 12. Subjects were familiarized with all testing pro-
tocols on a separate day prior to testing. Maximal strength 
of the upper and lower body was assessed via a one-repeti-
tion maximum (1-RM) squat and bench press exercise pro-
tocols (42, 43). Each participant attempted a complete 
single, maximal explosive effort with the required load based 
on the 1-RM. Maximal strength of the lower body was 
determined using a squat exercise on a modified Smith 
machine and maximal strength of the upper body was deter-
mined using a bench press exercise. A steady cycling warm 
up on a bike for 5–7 seven minutes was performed by each 
subject prior to resistance training warm-up or trials. 
Several sets of warm-up trials were performed using 30% 
(8–10 repetitions), 50% (4–6 repetitions), 75% (2–4 repeti-
tions), and 90% (1 repetition) of an estimated 1-RM. The 
load was increased to a point where the subject had 3–4 
maximal efforts to determine the 1-RM. Adequate rest of 
3–5 min was allowed between trials. Each subject was asked 
to lower the bar to a knee angle of ninety degrees (marked 
by an audible cue and adjustable stoppers) and immediately 
move the weight upwards in a controlled but forceful fash-
ion to the starting position. The 1-RM bench press test was 
conducted using the modified Smith machine and the same 
warm up procedures as for the 1-RM squat test were fol-
lowed. The 1-RM bench press was performed using a stretch 
shortening cycle with no pause at the bottom of the move-
ment. The subjects lowered the bar to the chest without 
bouncing and then lifted the bar to a full elbow extension 
for a successful lift. 

Local muscular endurance was tested using the PPS and 
consisted of a squat exercise test using 70% of the subject’s 
1-RM load. Each subject began the exercise in the standing 
position with the bar in the high squat position. Subjects 
performed as many repetitions as possible at a specified 
cadence of 2 s for each repetition. It was explained to each 
subject that for each beep the subject should be at the top 
or bottom of the squat. Additionally, the subject had to 
lower the bar to a knee angle of ninety degrees (marked by 
an audible cue and adjustable stoppers) and lightly touch 
the bottom stopper in the bottom position and return to the 
original standing position. The subject would terminate the 
test upon volitional fatigue or when the front spotter judged 
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Table 3. D
aily intake of dietary energy and m

acronutrients. 

N
utrient 

M
RT 

RT 
CO

N
 

M
 

G
roup Effect 

Energy (kcal) 
1970 ±

 408 
2031 ±

 465 
1807 ±

 360 
2119 ±

 429 
0.172 

Protein (g) 
77

±
11

a 
57

±
20

b
 

59
±
16

b
 

80
±
13

a 
0.000 

Protein (%
) 

16
±
2
a 

11
±
2
b

 
13

±
2
c 

15
±
2
a 

0.000 
Carbohydrate (g) 

277 ±
 69

ab
 

316 ±
 56

a 
256 ±

 50
b

 
293 ±

 62
ab

 
0.050 

Carbohydrate (%
) 

56 ±
 3
a 

63 ±
 5
b

 
56 ±

 4
a 

55 ±
 3
a 

0.000 
Total Fat (g) 

63
±
15 

61
±
21 

63
±
16 

72
±
19 

0.282 
Total Fat (%

) 
29

±
3
ab

 
26

±
3
a 

31
±
3
b

 
30

±
3
b

 
0.001 

Saturated Fat (g) 
24

±
6 

22
±
8 

22
±
6 

27
±
8 

0.089 
M
onounsaturated Fat (g) 

14 ±
 4 

13 ±
 6 

12 ±
 6 

14 ±
 5 

0.892 
Polyunsaturated Fat (g) 

6
±
2 

6
±
2 

7
±
4 

8
±
5 

0.398 
Cholesterol (m

g) 
177 ±

 38 
157 ±

 82 
158 ±

 66 
210 ±

 99 
0.138 

D
ietary Fiber (g) 

9.9 ±
 2.9

a 
9.3 ±

 3.2
a 

11.6 ±
 4.4

a 
13.7 ±

 3.5
b

 
0.002 

Values are m
ean ±

 SD
. M

RT ¼
 M
ilk þ

 Resistance Training; RT ¼
 Resistance Training; CO

N
 ¼

 Control; M
 ¼

 M
ilk #G

roup effect using one-w
ay AN

O
VA; values w

ith a 
different superscript are different (P <

 0.05). 

that the subject had not kept the cadence for 3 consecutive 
repetitions or failed to go through the com

plete range of 
m
otion for 3 consecutive repetitions. 

Physical activity 

A
 detailed history of physical activity patterns and sports 

participation 
w
as 

obtained 
prior 

to 
and 

throughout 
this 

investigation. T
his included docum

entation of routine exer-
cise (e.g., m

ode, duration, intensity, and frequency). P
hysical 

activity w
as defined to include the participation in organized 

team
 sports, school-based physical education classes and rec-

reational activities. N
o form

 of resistance training outside 
the research setting w

as perm
itted over the course of the 

investigation.

Statistical analyses 

M
eans and standard deviations w

ere com
puted for all diet, 

bone, 
body 

com
position, 

perform
ance, 

and 
subject 

anthropom
etric 

variables. 
T
he 

m
ean 

of 
the 

7D
D

 
records 

w
ere calculated at baseline and w

eek 12. D
istributions w

ere 
exam

ined for approxim
ate norm

ality and transform
ed (i.e., 

log
10 ) if appropriate for further analysis. A

ll data analyses 
w
ere conducted using Statistica 5.5 for w

indow
s (StatSoft 

Inc, T
ulsa, O

K
). Initially, differences am

ong groups in base-
line m

easurem
ents w

ere evaluated using one-w
ay A

N
O
V
A

 
w
ith 

differences 
further 

evaluated 
using 

Fisher’s 
Least 

Significant T
est. T

o evaluate the relative im
pact of M

ilk and 
R
esistance 

E
xercise 

treatm
ents 

over 
tim

e, 
a 

2 
2 

2 
A
N
O
V
A

 w
ith (M

ilk x R
esistance E

xercise) as betw
een fac-

tors and the change over tim
e as a w

ithin factor w
as used. 

W
hen a significant difference at baseline w

as evident, an 
A
N
C
O
V
A

 w
as used w

ith the baseline value as a covariate. 
N
utrient inform

ation from
 7D

D
 and the delta changes from

 
pre to post am

ong groups w
ere com

pared using a one-w
ay 

A
N
O
V
A

 
w
ith 

differences 
further 

evaluated 
using 

Fisher’s 
Least Significant T

est. N
utrient intakes estim

ated from
 the 

7D
D

 
and 

FFQ
 
w
ere 

com
pared 

using 
a 

dependent 
t-test. 

B
everage consum

ption patterns calculated from
 tallied bev-

erage logs w
ere com

pared using an independent t-test w
ith 

alpha 
level 

corrections. 
R
elationships 

am
ong 

dietary 
nutrients and body com

position and bone m
easures w

ere 
assessed 

using 
P
earson

’s 
product-m

om
ent 

correlation 

coefficients. U
sing the nQ

uery A
dvisor V R

 softw
are (Statistical 

Solutions, Saugus, M
A
) the statistical pow

er for the n size 
used 

ranged 
from

 
0.78 

to 
0.93. 

Significance 
w
as 

set 
at P 

0.05.

R
esu

lts

C
om

pliance to the resistance training and m
ilk supplem

en-
tation w

as excellent. A
ttendance and com

pletion of w
ork-

outs 
in 

the 
progressive 

heavy 
resistance 

training 
groups 

(M
R
T

 
and 

R
T
) 

w
as 

100%
 
including 

m
ake-up 

sessions. 
C
om

pliance 
to 

the 
m
ilk 

supplem
entation 

w
as 

97.0%
 
as 

ascertained prim
arily via the beverage logs and signed state-

m
ents by subjects, parents and another household w

itness. 
T
here w

ere a total of 270 m
issed servings of m

ilk out of 
8,820 total servings. T

he M
R
T

 subjects also consum
ed tw

o-
thirds (2 cups) of their daily supplem

ent after each w
orkout 

in the presence of a m
em

ber of the investigative team
. A

ll 
girls w

ere m
enstruating. T

he average onset of m
enarche w

as 
12.9 ±

 1.4 y. T
he average years post m

enarche w
as 2.4 ±

 1.5 y. 

N
utrient adequacy 

D
ifferences 

in 
estim

ated 
daily 

intakes 
of 

m
acronutrients

(T
able 3), vitam

ins (T
able 4) and m

inerals (T
able 5) from

 
7D

D
 for the different groups generally reflected the nutrient 

com
position of the additional m

ilk. E
nergy intake w

as not 
significantly different am

ong groups. T
he m

ean difference in 
energy betw

een the M
 and C

O
N

 group w
as 312 kcal/day, 

sim
ilar to the caloric value of the three additional servings 

of m
ilk, w

hich provided 330 kcal/day. T
he relative distribu-

tion of m
acronutrients differed betw

een groups. A
s a per-

centage 
of 

total 
energy, 

the 
R
T

 
group 

consum
ed 

significantly less protein (11%
), m

ore carbohydrate (63%
), 

and less fat (26%
) than other groups. C

om
pared to C

O
N
, 

m
ilk 

groups 
consum

ed 
m
ore 

protein 
(15–16%

 
of 

total 
energy). T

he m
ajority of total fat w

as derived from
 saturated 

fat. T
here w

ere no significant differences in the relative dis-
tribution am

ong saturated fat, polyunsaturated fat, m
onoun-

saturated fat, or cholesterol am
ong groups. D

ietary fiber w
as 

significantly higher in the M
 group than all other groups. 

T
here w

ere significant m
ain groups effects for all vitam

ins 
and 

the 
m
ajority 

of 
m
inerals 

and 
trace 

elem
ents. 

A
s 

expected 
based 

on 
the 

nutrient 
com

position 
of 

m
ilk, 

the 
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Table 4. D
aily intake of vitam

ins. 

N
utrient 

M
RT 

RT 
CO

N
 

M
 

RD
A/AI 

G
roup Effect 

Vitam
in A

 (IU
) 

4608 ±
 1189

a 
2289 ±

 891
b

 
3702 ±

 1176
a 

5869 ±
 3229

c 
4000 

0.000 
Vitam

in B1 (m
g) 

1.2 ±
 0.4

a 
0.8 ±

 0.3
b

 
0.9 ±

 0.4
b

 
1.4 ±

 0.4
a 

1.0 
0.000 

Vitam
in B2 (m

g) 
2.5 ±

 0.6
a 

1.0 ±
 0.4

b
 

1.2 ±
 0.5

b
 

2.3 ±
 0.5

a 
1.0 

0.000 
Vitam

in B3 (m
g) 

12.7 ±
 3.8 

10.6 ±
 3.5 

12.8 ±
 5.0 

13.9 ±
 4.9 

14 
0.183 

Vitam
in B6 (m

g) 
1.2 ±

 0.4
a 

0.8 ±
 0.4

b
 

1.0 ±
 0.4

b
 

1.3 ±
 0.4

a 
1.2 

0.001 
Vitam

in B12 (lg) 
5.5 ±

 1.5
a 

2.2 ±
 1.4

b
 

2.7 ±
 1.5

b
 

5.5 ±
 3.3

a 
2.4 

0.000 
Biotin (lg) 

23.8 ±
 9.1

a 
4.9 ±

 3.9
b

 
9.1 ±

 8.8
b

 
25.1 ±

 12.8
a 

25 
0.000 

Folate (lg) 
260 ±

 103
a 

171 ±
 84

b
 

200 ±
 73bc 

261 ±
 76ac 

400 
0.005 

Panothenic Acid (m
g) 

4.1 ±
 0.8

a 
1.5 ±

 0.8
b

 
2.0 ±

 1.5
b

 
4.3 ±

 1.4
a 

5 
0.000 

Vitam
in C (m

g) 
74 ±

 52
a 

235 ±
 64

b
 

81 ±
 37

a 
135 ±

 265
a 

65 
0.018 

Vitam
in D

 (IU
) 

407 ±
 81

a 
86 ±

 67
b

 
108 ±

 70
b

 
351 ±

 84
a 

200 
0.000 

Vitam
in E (IU

) 
4.5 ±

 1.3 
3.4 ±

 1.4 
5.6 ±

 5.3 
6.3 ±

 4.2 
12 

0.101 
Vitam

in K (lg) 
17.0 ±

 8.9
a 

15.0 ±
 10.1

a 
40.3 ±

 38.7
b

 
32.8 ±

 22.0
b

 
75 

0.008 

Values are m
ean ±

 SD
. M

RT ¼
 M
ilk þ

 Resistance Training; RT ¼
 Resistance Training; CO

N
 ¼

 Control; M
 ¼

 M
ilk. 

RD
A

 ¼
 Recom

m
ended D

ietary Allow
ance; AI ¼

 Adequate Intake. 
#G

roup effect using one-w
ay AN

O
VA; values w

ith a different superscript are different (P <
 0.05). 

Table 5. D
aily intake of m

inerals, trace elem
ents, and electrolytes. 

N
utrient 

M
RT 

RT 
CO

N
 

M
 

RD
A/AI 

G
roup Effect 

Calcium
 (m

g) 
1612 ±

 307
a 

674 ±
 226

b
 

842 ±
 289

b
 

1550 ±
 261

a 
1300 

0.000 
Chrom

ium
 (lg) 

12
±
7 

14
±
10 

21
±
12 

17
±
12 

24 
0.071 

Copper (m
g) 

0.6 ±
 0.2 

0.5 ±
 0.2 

0.5 ±
 0.2 

0.5 ±
 0.1 

0.9 
0.124 

Iron (m
g) 

11.5 ±
 3.5ab 

10.9 ±
 3.6

a 
10.4 ±

 3.9
a 

13.7 ±
 3.6

b
 

15 
0.046 

M
agnesium

 (m
g) 

223 ±
 47

a 
112 ±

 42
b

 
133 ±

 62
b

 
210 ±

 42
a 

360 
0.000 

M
anganese (m

g) 
1.0 ±

 0.6 
0.7 ±

 0.3 
1.1 ±

 0.7 
1.1 ±

 0.4 
1.6 

0.121 
Phosphorus (m

g) 
1411 ±

 271
a 

732 ±
 289

b
 

680 ±
 261

b
 

1259 ±
 228

a 
1250 

0.000 
Potassium

 (m
g) 

2563 ±
 497

a 
2108 ±

 633
b

 
1452 ±

 596
c 

2412 ±
 541ab 

4700 
0.000 

Selenium
 (lg) 

58
±
17 

44
±
16 

50
±
20 

57
±
15 

55 
0.106 

Sodium
 (m

g) 
2948 ±

 574 
2605 ±

 782 
2714 ±

 612 
3144 ±

 514 
1500 

0.058 
Zinc (m

g) 
8.8 ±

 2.9
a 

5.6 ±
 2.9

b
 

5.5 ±
 2.6

b
 

8.5 ±
 2.8

a 
11 

0.000 

Values are m
ean ±

 SD
. M

RT ¼
 M
ilk þ

 Resistance Training; RT ¼
 Resistance Training; CO

N
 ¼

 Control; M
 ¼

 M
ilk. 

RD
A

 ¼
 Recom

m
ended D

ietary Allow
ance; AI ¼

 Adequate Intake. 
#G

roup effect using one-w
ay AN

O
VA; values w

ith a different superscript are different (P <
 0.05). 

general pattern w
as for higher intakes of B

 vitam
ins, vitam

in 
A
, vitam

in D
, calcium

, m
agnesium

, phosphorus, potassium
, 

and zinc in the M
ilk groups. 

A
 qualitative analysis of nutrient adequacy w

as estim
ated 

as 
the 

percentage 
of 

subjects 
in 

each 
group 

m
eeting 

or 
exceeding tw

o-thirds of the R
D
A
/A

I for given vitam
ins and 

m
inerals. N

utrient adequacy w
as excellent in the m

ajority of 
subjects consum

ing m
ilk for m

ost vitam
ins, w

ith the excep-
tion of folate and vitam

in E
. H

ow
ever, nutrient adequacy in 

the R
T

 and C
O
N

 groups w
as relatively poor w

ith the m
ajor-

ity of subjects failing to consum
e tw

o-thirds of the R
D
A
/A

I 
for biotin, folate, pantothenic acid, vitam

in A
, vitam

in D
, 

and vitam
in E

. N
utrient adequacy for m

inerals w
as also con-

sistently better in the m
ilk groups. A

s expected 100%
 of sub-

jects in the m
ilk groups exceeded tw

o-thirds of the R
D
A
/A

I 
for calcium

, w
hereas less than one-third of subjects in the 

other groups m
et this criteria. T

he m
ajority of subjects in 

the m
ilk group consum

ed at least tw
o-thirds of the R

D
A
/A

I 
for iron, m

anganese, phosphorus, selenium
, and zinc; how

-
ever, m

ost w
ere deficient in copper, m

agnesium
, and potas-

sium
. 
Less 

than 
50%

 
of 

subjects 
in 

the 
non-m

ilk 
groups 

consum
ed tw

o-thirds of the R
D
A
/A

I for all the m
inerals, 

except for selenium
. 

V
alidation

 of food
 frequency 

N
utrient 

intakes 
calculated 

from
 
7D

D
 
w
ere 

com
pared 

to 
those obtained using the N

U
T
-P
-FFQ

 (Figure 1). C
om

pared 
to 

the 
7D

D
, 
the 

N
U
T
-P
-FFQ

 
consistently 

overestim
ated 

m
ost nutrients. In particular, the N

U
T
-P
-FFQ

 overestim
ated

the follow
ing nutrients by m

ore than 2-fold: m
onounsatu-

rated fat, polyunsaturated fat, vitam
in A

, vitam
in E

, panto-
thenic acid, m

agnesium
, zinc, copper, and m

anganese. T
here 

w
ere also significant differences betw

een m
ethods for pro-

tein, sodium
, potassium

, vitam
in C

, iron, vitam
in B

1, vita-
m
in 

B
2, 

vitam
in 

B
3, 

vitam
in 

B
6, 

vitam
in 

B
12, 

folate, 
phosphorus, 

and 
fiber. 

N
utrients 

not 
statistically 

different 
betw

een m
ethods included total energy, 

carbohydrate, fat, 
cholesterol, saturated fat, calcium

, vitam
in D

, biotin, vitam
in 

K
, and selenium

.

B
everage consum

ption
 patterns 

B
everage consum

ption patterns calculated from
 the beverage 

logs using a detailed tallying system
 generally reflect sim

ilar 
patterns am

ong groups except for the supplem
ent interven-

tion. Significant differences for m
ilk, shakes and tea exist. 

T
he M

 group had a greater intake of m
ilk due to the supple-

m
ent 

intervention, 
w
hich 

is 
accounted 

for 
in 

the 
group 

m
ean of 70 days and the fluid oz per day. T

he m
ilk w

as 
slightly above 24 fl oz, w

hich w
as the prescribed am

ount of 
the supplem

ent. T
ea and shakes in the C

O
N

 group w
ere sig-

nificantly greater. 

A
nthropom

etric and
 body com

position
 

T
here w

ere a few
 significant differences in som

e anthropo-
m
etric or body com

position variables at baseline w
ith the 
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Figure 1. Comparison between nutrients obtained from food records (7DD) and food frequency questionnaire (NUT-P-FFQ) in Control subjects. Food records were 
obtained for 7 days at Week 1 and 12 and NUT-P-FFQ was performed during Week 12. Nutrient values calculated as: [(food frequency/food record) x 100]. P 0.05 
between FFQ and Food Record value (dependent T-test). 

body mass; the M group weighed significantly less than the circumference (1.5%), hip circumference (1.0%), percent 
MRT and RT groups. There were significant increases (main body fat (1.8%), fat mass (3.8%), lean body mass (1.4%), 
time effects) for height (0.3%), body mass (1.9%), waist and abdominal fat (3.2%). For the main effect of resistance 
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Table 6. W
hole body and regional bone m

ineral content responses. 

Variable (g) 
M
RT 

RT 
CO

N
 

M
 

P-M
 

P-RT 

W
hole body # 

W
k 0 

2523 ±
 284

a 
2515 ±

 291
a 

2236 ±
 194

b
 

2311 ±
 400

b
 

0.511 
0.339 

W
k 12 

2570 ±
 305 

2564 ±
 273 

2258 ±
 178 

2356 ±
 414 

Arm
 # 

W
k 0 

297
±
37

a 
301

±
41

a 
265

±
27

b
 

267
±
48

b
 

0.020 
0.745 

W
k 12 

305
±
35 

304
±
40 

270
±
28 

276
±
45 

Leg 
# 

W
k 0 

976 ±
 140

a 
999 ±

 153
a 

876 ±
 70

b
 

907 ±
 159

ab
 

0.568 
0.039 

W
k 12 

990
±
145 

1013
±
158 

878
±
70 

913
±
161 

Trunk # 
W
k 0 

829 ±
 128

a 
790 ±

 121
ac 

686 ±
 103

b
c 

709 ±
 153

b
c 

0.708 
0.699 

W
k 12 

847
±
142 

810
±
110 

702
±
85 

734
±
172 

Rib # 
W
k 0 

284 ±
 57

a 
258 ±

 46
ab

 
228 ±

 47
b

 
225 ±

 65
b

 
0.872 

0.915 
W
k 12 

286
±
71 

267
±
42 

238
±
39 

237
±
73 

Pelvis 
W
k 0 

326 ±
 54 

320 ±
 57 

276 ±
 43 

298 ±
 65 

0.290 
0.297 

W
k 12 

338
±
54 

328
±
54 

275
±
40 

306
±
73 

Spine # 
W
k 0 

219 ±
 27

a 
212 ±

 29
a 

183 ±
 21

b
 

186 ±
 32

b
 

0.517 
0.461 

W
k 12 

224
±
25 

215
±
29 

187
±
20 

190
±
34 

L2-L4 
W
k 0 

—
—

 
44.0 ±

 5.1 
45.7 ±

 7.5 
0.489 

W
k 12 

—
—

 
44.7 ±

 4.9 
46.6 ±

 7.8 

Values are m
ean ±

 SD
. M

RT ¼
 M
ilk þ

 Resistance Training; RT ¼
 Resistance Training; CO

N
 ¼

 Control; M
 ¼

 M
ilk. 

Significant (P <
 0.05) m

ain tim
e effect. 

#Significant (P <
 0.05) difference at W

k 0 (one-w
ay AN

O
VA); values w

ith a different superscript are different (P <
 0.05). 

P-M
 ¼

 M
ain Effect of M

ilk; P-RT ¼
 M
ain Effect of Resistance Training. 

training, the R
T

 and M
R
T

 groups increased body m
ass and 

lean body m
ass by 1.6 and 1.0 kg, respectively; w

hile the M
 

and C
O
N

 groups increased body m
ass and lean body m

ass 
by 0.6 and 0.1 kg, respectively (P <

 0.05). G
irls in the m

ilk 
groups gained significantly m

ore abdom
inal fat than girls in 

the non-m
ilk group (80 vs. 

7 g, respectively). T
here w

ere 
no significant m

ain effects of m
ilk for any other anthropo-

m
etric or body com

position variables. 

B
one m

easures 

B
one 

M
ineral 

C
ontent: 

For 
the 

w
hole 

body 
and 

several 
regional m

easures of B
M
C
, the resistance training groups 

had significantly higher values than the C
O
N

 and M
 group 

(T
able 

6). 
T
here 

w
ere 

significant 
increases 

(m
ain 

tim
e 

effects) for w
hole body B

M
C

 (1.7%
), all regional m

easures 
of B

M
C

 from
 the w

hole body scan, and L2-L4 B
M
C

 (1.9%
) 

from
 the lum

bar spine scan. For the m
ain effect m

ilk, sub-
jects in the M

 and M
R
T

 groups increased arm
 B
M
C

 by 9 g, 
w
hile the subjects in the R

T
 and C

O
N

 groups increased by 
4
g

 (P <
 0.05). For the m

ain effect of resistance training, the 
R
T

 and M
R
T

 groups increased leg B
M
C

 by 15 g, w
hile the 

M
 
and 

C
O
N

 
groups 

increased 
by 

4 g 
(P ¼

 0.039). 
T
here 

w
ere no significant m

ain effects of m
ilk or resistance train-

ing for any other m
easures of B

M
C
. 

B
one 

M
ineral 

D
ensity: 

Sim
ilar 

to 
B
M
C
, 
the 

resistance 
training groups had significantly higher B

M
D

 values than 
the C

O
N

 and M
 group (see T

able 7). T
here w

ere significant 
increases (m

ain tim
e effects) for w

hole body B
M
D

 (0.45%
) 

and all 
regional m

easures of 
B
M
D

 from
 the w

hole body 
scan 

except 
the 

leg. 
T
he 

increase 
in 

L2-L4 
B
M
D

 
(0.9%

) 
from

 the lum
bar spine scan in the C

O
N

 and M
 groups w

as 
not significant. For the m

ain effect of m
ilk, subjects in the 

M
 and M

R
T

 groups increased w
hole body B

M
D

 by 0.010 g/ 
cm

2, w
hile subjects in the R

T
 and C

O
N

 groups increased by 
0.002 g/cm

2 
(P <

 0.05). 
For 

the 
m
ain 

effect 
of 

resistance 
training, 

subjects 
in 

the 
R
T

 
and 

M
R
T

 
groups 

increased 
w
hole body B

M
D

 by 0.010 g/cm
2, w

hile subjects in the M
 

and C
O
N

 groups increased by 0.002 g/cm
2 (P <

 0.05). T
he 

the absence of a significant interaction indicate that these 
effects on w

hole body B
M
D

 w
ere independent and additive. 

A
 sim

ilar pattern of significant m
ain effects of both M

ilk 
and R

esistance T
raining w

ere evident for trunk B
M
D

 and 
P
elvis B

M
D
. T

his is m
ore clearly show

n in Figure 2. A
 m

ain 
effect of m

ilk only and not resistance training w
as observed 

for spine B
M
D

 and a trend for arm
 B
M
D

 (P ¼
 0.082). T

here 
w
ere no significant m

ain effects for leg B
M
D
, rib B

M
D
, or 

L2-L4 B
M
D
.

Individual responses in w
hole body B

M
D

 and B
M
C

 are 
show

n in Figure 3. M
ean responses show

 a clear benefit to 
m
ilk supplem

entation and resistance training, how
ever, there 

is a great deal of variability am
ong subjects w

ith responders 
and nonresponders present in all groups. A

ll subjects w
ith 

the 
exception one had 

an increase 
in B

M
D

 in 
the M

R
T

 
group. T

he girl w
ho decreased B

M
D

 in this group also expe-
rienced the largest increase in B

M
C
. A

ll groups but M
R
T

 
had several people w

ho had decreases in B
M
D
. It is also 

w
orth noting that all individual responses in the C

O
N

 group 
w
ere below

 the m
ean response of the M

R
T

 group.

M
uscular strength

 and
 local m

uscular endurance 
perform

ances

T
here w

as a significant m
ain effect of resistance training, 

but not m
ilk, on m

axim
al strength and squat endurance per-

form
ance (Figure 4). B

ench press strength increased by 29, 
25, 3, and 5%

 in the M
R
T
, R

T
, C

O
N
, and M

 group, respect-
ively. Squat strength increased by 21, 19, 17, and 15%

 in the 
M
R
T
, R

T
, C

O
N
, and M

 group, respectively. T
otal num

ber 
of repetitions during the squat endurance protocol im

proved 
by 99, 61, 

6, and 18%
 in the M

R
T
, R

T
, C

O
N
, and M

 
group, respectively. 

D
iscu

ssio
n

T
he clinical im

portance of this study resides in the fact that 
by adding m

ilk and progressive heavy resistance training in 
significant m

ain effects of M
ilk and R

esistance T
raining in 

young girls, im
provem

ent in bone health can be achieved 
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Table 7. Whole body and regional bone mineral density responses. 

Variable (g/cm2) MRT RT CON M P-M P-RT 

Whole body # Wk 0 1.140 ± 0.057a 1.159 ± 0.066a 1.073 ± 0.049b 1.123 ± 0.081ab 0.006 0.007 
Wk 12 1.155 ± 0.058 1.165 ± 0.068 1.071 ± 0.049 1.128 ± 0.083 

Arm # Wk 0 0.849 ± 0.052a 0.849 ± 0.052a 0.784 ± 0.043b 0.802 ± 0.051b 0.082 0.710 
Wk 12 0.859 ± 0.054 0.850 ± 0.054 0.787 ± 0.041 0.811 ± 0.052 

Leg Wk 0 1.262 ± 0.101 1.295 ± 0.115 1.208 ± 0.071 1.273 ± 0.110 0.390 0.214 
Wk 12 1.269 ± 0.094 1.294 ± 0.107 1.205 ± 0.068 1.270 ± 0.109 

Trunk # Wk 0 0.944 ± 0.066a 0.950 ± 0.072a 0.863 ± 0.048b 0.900 ± 0.072b 0.001 0.033 
Wk 12 0.966 ± 0.071 0.955 ± 0.070 0.863 ± 0.046 0.909 ± 0.077 

Rib # Wk 0 0.675 ± 0.056a 0.664 ± 0.043a 0.623 ± 0.030b 0.627 ± 0.064b 0.237 0.098 
Wk 12 0.683 ± 0.066 0.670 ± 0.039 0.622 ± 0.030 0.635 ± 0.054 

Pelvis # Wk 0 1.216 ± 0.104a 1.237 ± 0.118a 1.096 ± 0.073b 1.153 ± 0.113b 0.004 0.007 
Wk 12 1.254 ± 0.102 1.245 ± 0.103 1.093 ± 0.065 1.166 ± 0.122 

Spine # Wk 0 1.156 ± 0.105a 1.151 ± 0.123a 1.034 ± 0.106b 1.065 ± 0.131b 0.038 0.575 
Wk 12 1.175 ± 0.115 1.152 ± 0.095 1.051 ± 0.090 1.104 ± 0.136 

L2-L4 Wk 0 1.119 ± 0.081 1.166 ± 0.120 0.511 
Wk 12 1.125 ± 0.068 1.178 ± 0.119 

Values are mean ± SD. MRT ¼ Milk þ Resistance Training; RT ¼ Resistance Training; CON ¼ Control; M ¼ Milk. 
Significant (P < 0.05) main time effect. 
#Significant (P < 0.05) difference at Wk 0 (one-way ANOVA); values with a different superscript are different (P < 0.05). 
P-M ¼ Main Effect of Milk; P-RT ¼ Main Effect of Resistance Training. 

Figure 2. Changes in BMD for whole body, trunk, and pelvis after 12 weeks. MRT ¼ Milk þ Resistance Training; RT ¼ Resistance Training; CON ¼ Control; M ¼ Milk. 
Values with a different letter are different (P 0.05). 

over a relatively short time of training. This has important the absence of a significant interaction effect indicate addi-
implications for health and fitness programs for young tive effects of the treatments. One other study has examined 
women and may potentially impact peak bone density acqui- the independent and additive effects of calcium supplemen-
sition during adolescence. This was the first study to our tation (1000 mg/d) and exercise on bone in adolescent girls, 
knowledge to investigate the combined effects of milk sup- but used a cardiovascular exercise intervention for 15.5 mo 
plementation and resistance training on bone except for our (44), as opposed to heavy resistance training in this study. 
prior work in young boys (28). Both milk supplementation The girls were very close in age to the girls in the present 
and resistance training had independent effects on BMD. study. An independent effect of calcium supplementation, 
Statistically, significant main effects of these interventions in but not exercise, was found. However, the study had very 
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Figure 3. Individual changes in whole body BMD and BMC. Mean for the group is shown by a dashed line. MRT ¼ Milk þ Resistance Training; RT ¼ Resistance 
Training; CON ¼ Control; M ¼ Milk. 

Figure 4. Changes in maximal bench press strength, squat strength, and repetitions during a squat endurance test after 12 weeks. MRT ¼ Milk þ Resistance 
Training; RT ¼ Resistance Training; CON ¼ Control; M ¼ Milk. Values with a different letter are different (P 0.05). 

poor compliance with the exercise intervention again mak- The finding of an additive effect of milk supplementation 
ing interpretation of the potential additive effects impossible and resistance training in this study was novel and illustrates 
to evaluate accurately. that prior work in this area has not established an optimal 
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intervention to impact BMD in adolescent girls. An additive 
effect was hypothesized because both interventions work 
through different mechanisms. Milk supplementation pro-
vided additional building blocks in the form of calcium to 
support an improved BMD, whereas resistance training pro-
vided an overload stimulus to increase strength and there-
fore density of bone. These findings highlight the plasticity 
of bone to lifestyle interventions in adolescent girls. 
Combination approaches to improve bone measures should 
be investigated to validate and refine these findings. 

Although this investigation was short-term, the results in 
regards to the bone health and muscular strength, and com-
position provide powerful data. This indicates that the com-
bined use of both resistance training and milk substitution 
provides a powerful tool for young girls bone health. What 
remains to be demonstrated is whether these changes will 
continue to increase over a longer intervention period (e.g., 
6–12 mo). Additionally it is uncertain if changes will persist 
into adulthood, both interventions were highly supervised 
and it is unknown if subjects will continue to consume milk 
and/or train after the study is over without supervision in a 
free living environment. However there is data to support 
that fluid milk consumption has lasting effects on bone (up 
to 1.5–3.5 years) over calcium supplementation after the sup-
plementation has ceased (45, 46). Measurement of nutrient 
intakes by self-report of free living populations is semi-
quantitative and despite the fact that there was a great deal 
of time and effort in dietary counseling and record keeping 
to support efficacy of the milk intervention there is always 
some degree of error associated with nutrient intakes. Thus 
the reason a 7DD was used was because it is preferred over 
a 24 h recall, FFQ and short duration diet record collections 
(47, 48). Every effort outside of a feeding study was 
employed to minimize error from the 7DD and FFQ, which 
are typically self-administered. We stayed with participants 
and parents while they filled out the questionnaires. 

Exercise has a beneficial effect on bone but only a few 
studies have specifically examined the impact of resistance 
training on bone in adolescent girls. In this study, the effects 
of resistance training were most evident on BMD assessed 
in the whole body, trunk, and pelvis. There was also a trend 
for greater BMC in the legs. Morris et al. (49) studied pre-
menarcheal girls aged 9-10 y involved in a weight training 
program involving exercises for all major muscle groups 
performed at the same frequency (3x/wk) as this investiga-
tion, but for a longer duration (10 mo). In the Morris et al. 
(49) study the resistance training group demonstrated sig-
nificantly greater increases in BMC measured at whole body, 
lumbar spine, and femoral neck and BMD measured at 
whole body, lumbar spine, femoral neck, pelvis, leg, and 
arm compared to control. Although the authors acknowl-
edged a large proportion of bone mineral accrual was related 
to growth, the resistance training group had a positive effect 
on bone and lean body mass compared to normally active 
controls. The greater increase in BMC by Morris et al. (49) 
would be expected because the girls were younger and there-
fore accruing bone mass at a greater rate compared to the 

girls in this study. Also, the intervention was over a longer 
period of time compared to this study. 

Blimkie et al. (30) and Nichols et al. (50) reported no sig-
nificant effects of a 6.5 mo and 15 mo (respectively) whole 
body resistance training program (3x/wk) on whole body 
and lumbar spine BMD in adolescent girls more similar to 
the age of the girls in this present study (aged 14–17 y). In 
this investigation the training program was a periodized 
progressive varying training load program designed to 
increase in intensity with a concomitant decrease in volume 
over the 3 mo to maximize strength and power and thus 
facilitate changes in body composition and bone mineral 
density. In the Blimkie et al. (30) study, the resistance train-
ing program involved a circuit of 4 sets of 13 exercises per-
formed on hydraulic machines that provided an isoinertial 
resistance. The resistance training did result in consistently 
higher BMC and BMD responses, especially in the lumbar 
spine, compared to controls, but failed to reach significance. 
Potential reasons for the lack of significant effects could be 
the lack of appropriate intensity, progression, and periodiza-
tion of the program, provision of a weight belt that in some 
cases may have unloaded muscle forces in the lift, and/or 
the relatively low calcium intake assessed via 3-day diet 
records (<1000 mg/d). The program used by Nichols et al. 
(50), consisted of 15 exercises incorporating a combination 
of machines and free weights similar in design to this inves-
tigation. However the results must be interpreted cautiously 
because of the large attrition (i.e., only 5 of 46 girls com-
pleted the 15 mo training program). 

One possible reason for the lack of significant effects of 
resistance training on bone reported by Blimkie et al. (30) 
and Nichols et al. (50) could be the low calcium intake. The 
mean calcium intake assessed via 3-day diet records in the 
exercise group was less than 50% of the RDA at 545 mg/day 
(50). In the Morris et al. (51) study that showed a benefit of 
resistance training on bone, calcium intakes were assessed 
via FFQ twice during the 10 mo protocol and were at least 
closer to the RDA at 1000 mg/d). The lower calcium is 
probably not the sole reason because the RT group in this 
study experienced benefits on BMD despite a mean calcium 
intake of 703 mg/d. However, increasing calcium to levels 
greater than the RDA are probably beneficial because in this 
study the effects of milk supplementation and resistance 
training were additive. Thus, the background calcium intake 
appears to have some impact on the influence of resistance 
training on bone mass. 

Resistance training is a potent stimulus for muscle hyper-
trophy and thus it was hypothesized that lean body mass 
would be increased. Resistance training also targets primarily 
the lean components of body composition. Indeed, heavy 
resistance training resulted in significant increases in lean 
body mass compared to controls. For the main effect of 
resistance training, the RT and MRT groups increased body 
mass and lean body mass by 1.6 and 1.0 kg, respectively; 
while the M and CON groups increased body mass and lean 
body mass by 0.6 and 0.1 kg, respectively (P < 0.05). In the 
Morris et al. (51) study the preadolescent girls exercise 
group gained significantly more lean mass, less body fat 
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content, however no significant changes were noted in 
anthropometric measures. Conversely, Blimkie et al. (30) 
and Nichols et al. (50) reported no effects of training on any 
anthropometric or body composition variables. This again 
could be due to the lack of an effective training program 
design or adherence to the needed heavy intensity of lifting 
in adolescent girls. 

Weight training stimulates protein synthesis and muscle 
hypertrophy as well as the acute hormonal responses of 
important anabolic hormones and growth factors that are 
closely related to growth and development of muscle (i.e., 
GH, IGF-1). especially over adolescence (14). Although, spe-
cific training program variables can be configured differently 
the training induced gains as reported in this investigation 
and the Morris et al. (51) study are associated from a more 
effective stimulus for protein synthesis and muscle hyper-
trophy. The stimulus in the Blimkie et al. (30) and Nichols 
et al. (50) investigations were probably not effective due to 
the lack of appropriate intensity, progression, and periodiza-
tion of the program, and possibly the provision of a weight 
belt in the Blimkie et al. (30) study. Whereas, in the Nichols 
et al. (50) investigation the power to evaluate the results 
must be interpreted carefully because due to the large attri-
tion with only 5 of 46 girls completed the training program. 
This study indicates that adolescent girls can safely benefit 
from periodized heavy resistance training and have favorable 
results in terms of strength and body composition gains. Fat 
mass was not affected probably because energy intake was 
not reduced. 

Few data exist regarding the effects of a periodized resist-
ance training program in adolescent girls. It was hypothe-
sized that resistance training would have a greater impact 
on muscular performance compared to matched controls. 
As expected, muscular performance was significantly greater 
in the resistance training groups RT and MRT compared to 
M and CON. While not a particularly surprising finding it 
serves to further demonstrates that resistance training, when 
performed and implemented properly, provides many bene-
fits for adolescent girls especially for strength gains (14, 52, 
53). The 1-RM squat and bench in the RT and MRT groups 
significantly increased compared to the M and C groups. 
The M and CON groups did have a slight improvement 
from pre to post testing 1-RM’s but these changes were not 
significant and were likely due to a minor learning effects 
despite familiarization sessions. Squat endurance repetitions 
were also significantly greater in the MRT and RT groups 
compared to the CON and M groups. Expected hierarchy of 
exercise types were observed in that squat 1-RM’s compared 
to bench press gains were greater. No data exists in adoles-
cent girls to make any age appropriate comparisons. The use 
of a heavy periodized resistance training protocol in adoles-
cents girls used in this investigation differs greatly with the 
three previously presented resistance training investigations 
in adolescent girls (30, 50) and preadolescent girls (51). 
However, because these three training programs would not 
be considered heavy resistance training protocols that pro-
vide progressive overload using near-maximum efforts the 

interpretations gathered from the strength gains in their 
respective studies would differ from this investigation (34). 

The girls in this study were all low milk drinkers and in 
late puberty (mean Tanner stage 4.3 ± 0.6) and represent a 
population that has been relatively understudied in regards 
to nutrition and exercise interventions, especially resistance 
exercise training. Overall, the findings indicate that both 
milk supplementation and resistance training each had inde-
pendent effects on bone health. Further, resistance training 
had benefits on lean body mass and muscle strength. Again, 
a major finding in this study was that the effects of milk 
supplementation and resistance training on BMD were addi-
tive. The findings provide strong evidence that life style 
modifications (i.e., changing nutrient adequacy through milk 
supplementation and overloading the musculo-skeletal sys-
tem through progressive heavy resistance training) are 
effective to impact bone health in girls during the late ado-
lescent period. 

As expected, milk supplementation resulted in improved 
overall nutrient adequacy. Compliance to the milk supple-
mentation protocol in this study was excellent as verified by 
7DD, beverage records and signed statements by subjects, 
parents and another household witness. Energy intake and 
the distribution of macronutrients were similar to national 
trends from 1994 to 1996 in adolescents (54). Total fat 
accounted for approximately 30% of total energy, slightly 
below the 1995 average of 33%. The type of fat was mainly 
saturated, with moderate amounts of monounsaturated, and 
very little polyunsaturated fat. This balance of fatty acids is 
reflective of some of the more common food choices made 
by the girls in this study (e.g., fast food burgers, French 
fries, and pizza). Protein was higher in the milk groups 
(about 15% of total energy) compared to the non-milk 
groups (about 12% of total energy). 

Milk is a rich source of several vitamins and thus con-
tributed to a more favorable nutrient intake for the majority 
of water-soluble and fat-soluble vitamins (see Table 5). 
Nutritionally, the majority of subjects in the MRT and M 
groups had exceptional intakes for most vitamins, with the 
exception of folate and vitamin E, which were also poor in 
the non-milk groups. Nutrient adequacy in the RT and 
CON groups was relatively poor with the majority of sub-
jects failing to consume two-thirds of the RDA/AI for sev-
eral B vitamins and fat-soluble vitamins (e.g., vitamins A, D, 
and E). It is worth noting that none of subjects in the non-
milk groups reached two-thirds of the RDA for vitamin D, 
whereas 100% reached this level in the milk groups. All sub-
jects in the milk groups reached two-thirds of the RDA for 
vitamin B1, vitamin B2, vitamin B12, and vitamin A. 

Milk is also a rich source of several minerals. Non-milk 
groups were deficient in many minerals, with less than half 
of subjects meeting two-thirds of the RDA for calcium, cop-
per, iron, magnesium, manganese, phosphorus, potassium, 
and zinc. Milk groups had better nutrient adequacy for cal-
cium, iron, magnesium, phosphorus, potassium, and zinc; 
however they still had poor intakes of copper, magnesium, 
and potassium. 
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Energy intake overall has been increasing over the years 
and the source has been from carbohydrates, specifically 
simple sugars, derived from soft drinks, juices, and candy. 
These also represented some of the most common food con-
sumed by the majority of girls in this study. A surprising 
observation from the detailed beverage logs kept daily for 
the entire 12 weeks was regular consumption of flavored cof-
fee drinks, which contain primarily empty calories and con-
tribute to poor nutrient adequacy. To our knowledge this 
beverage pattern has not been documented in any of the 
published reports of dietary behaviors in adolescents and 
may reflect the increased availability of numerous combina-
tions of coffee drinks and a trend of socializing in coffee 
houses. The majority of these coffee drinks had to be manu-
ally entered into the nutrient analysis software. 

Calcium intake in the non-milk group was 758 mg/d or 
58% of the RDA for adolescent girls. This poor calcium sta-
tus is similar to other studies reporting nutrient intakes in 
adolescent girls (55, 56). Calcium intake in the milk groups 
was 1581 mg/d or 122% of the RDA. Noteworthy is the fact 
that each girl in both the M and the MRT group had an 
individual calcium intake greater than the RDA (1300 mg/d). 
Many calcium intervention studies had poor compliance and 
used an intent-to-treat analysis where data from drop-outs 
and noncompliant subjects are used. The physiological rele-
vance of this approach is questionable. A major advantage 
of this study was that compliance was high and drop-outs 
low, which resulted in groups that were dichotomous in cal-
cium intakes (i.e., all girls in the milk group had signifi-
cantly highly calcium intakes than the non-milk groups). 
From a practical point of view, it is important to note that 
despite being low dairy consumers at the start of the study, 
girls were very amendable to drinking an additional three 
servings of milk as evidenced by the high compliance and 
further verified by personal communication with subjects. 
Additionally, taste did not seem to be a reason most girls 
were low milk drinkers. Increasing availability and educating 
girls on the health aspects of milk would seem to be effect-
ive measures to increase nutrient adequacy of adoles-
cent girls. 

The role of increased dairy consumption in adolescent 
girls has been brought into question as to not having any 
effect (25) albeit other findings suggest that increased dairy 
consumption is associated with decreased adiposity (10, 11, 
57). Other work has focused on the role of calcium/dairy in 
promoting or preventing unhealthy weight gain in children 
and adolescents (10, 11, 57). In this study there were signifi-
cant main time effects for height, body mass, fat mass and 
lean body mass indicating these girls were still growing, but 
milk did not affect the rate of change in any variables with 
the exception of body mass and abdominal fat. For example, 
the weight gain in the M group was 1.2 kg versus 0.0 kg in 
the CON group. This is in contrast to the findings of other 
studies that reported supplementation with calcium-rich 
foods does not increase weight gain in preadolescent and 
adolescent girls and another that showed no effect in girls 
who were overweight (10, 11, 25, 57). Despite similar cal-
cium levels in the present investigation compared to these 

studies, the finding in this study was that weight gain was 
greater in the M group compared to CON. The M group 
consumed an average 312 additional kcal/d in this project, 
which would account for weight gain. The reason these 
other studies failed to find a weight gain despite greater cal-
oric intake remains unclear. 

Cross-sectional studies conducted in adolescent girls have 
concluded that changes in body composition were related to 
the mix of nutrients found in dairy foods, specifically cal-
cium and protein may allow the body to break down and 
burn fat more effectively. Protein is 3–4-fold more thermo-
genic than carbohydrates or fat (58), but the higher protein 
intake in this study did not fully compensate for the greater 
energy intake resulting in greater weight gain. It could be 
argued that the predicted increase in body weight based on 
an increase of 330 kcal/d should have been more than the 
observed weight gain. The thermogenic effect of protein and 
the possible loss of some energy in the feces could have 
blunted the increase in body weight. For example, one study 
showed that one week of a high calcium (1800 mg/d) mod-
erate protein (15% of total energy) diet resulted in an 
increase fecal energy loss of 84 kcal/d. This mechanism may 
explain many of the studies showing greater weight loss 
with calcium-rich diets. Lastly, calcium is not the “magic 
bullet” (59) and effectively maintaining energy balance in 
individuals, weather through diet, exercise or both continues 
to be the primary battle in the global epidemic of obesity. 

The use of nutrient intakes calculated from 7DD were 
compared to those obtained using the NUT-P-FFQ. 
Compared to the 7DD, the NUT-P-FFQ consistently overes-
timated most nutrients. While, several nutrients were within 
a reasonable range reported by the NUT-P-FFQ, diet 
records provide greater accuracy and reproducibility than a 
FFQ or a 24 h recall (not used in this investigation) (47, 48). 
The number of days needed for food records to accurately 
estimate mean daily calcium intakes within 10% of its true 
value has been shown to range from 7 to 12 days for young 
females (60, 61). A strength of the current investigation was 
the use of two 7DD resulting in a total of 14 days of dietary 
information. All of the exercise interventions, and the 
majority of the dietary interventions, except for one that 
used 7DD (10), used FFQ and 3DD or did not clearly spe-
cify how nutrient intakes were calculated. Although FFQ are 
a validated measure of nutrient intakes (62), diet records are 
a superior measure (63) and thus caution must be used 
when interpreting the results of FFQs. In this investigation 
calculated nutrient intakes via the FFQ resulted in signifi-
cantly greater intakes for many nutrients compared to 7DD, 
although for calcium it was not significantly different. It 
should be pointed that the time spent providing instructions 
and ensuring accuracy was probably above that performed 
in other studies that use FFQ to quantify nutrient intakes 
and thus the differences between these two assessment tech-
niques may be underestimated. 

In order to better understand the baseline effects of the 
milk intervention supplementation on the beverage con-
sumption patterns during weeks 2–11 beverage consumption 
patterns were tallied via the beverage logs for the two 
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control groups. A total of 70 days of consumption patterns 
were ascertained and revealed that adolescent girls have 
similar patterns between groups with the exception of the 
milk intervention, shakes and teas. Teas, shakes, and soda 
were significantly greater in the CON group versus M 
group. The milk supplement as reflected by the 1% milk was 
greater in the M group compared to CON. The amount of 
milk intake reported by the girls in the CON group is lower 
5 fl oz/d compared to a national survey for milk 8 fl oz/d 
(32). In contrast, the amount of non diet soda the girls in 
this investigation drank was 4.5 fl oz/d compared to the 
national survey of 14 and 16 fl oz/d (19, 64). The prevalence 
of soft drink consumption among youth, particularly the 
ages of 6–18 years has increased 48% (64). The mean intakes 
of soft drinks have more than doubled from 5 fl oz to 12 fl 
oz/d. Although not reflected in the beverage consumption 
patterns in the girls in this investigation the prevalence of 
obesity among youth has increased dramatically, suggesting 
that energy intake exceeds needs. Increased carbonated soft 
drinks, fruit drinks, fruit drinks, could increase adiposity in 
youth (64). These adolescent girls in this investigation were 
normally active and were not overweight. Questions exist as 
to the effects of declining activity levels while the beverage 
patterns observed in this study persist with higher non-diet 
soda intakes than milk. 

As hypothesized, milk supplementation resulted in sig-
nificant improvements in several bone measures. The intake 
of milk had a significant effect on arm BMC and whole 
body, arm, trunk, and pelvis BMD. There was a trend for 
improved BMD at the spine from the whole body scan 
(P ¼ 0.082), but this was not confirmed by the specific spine 
scan from L2-L4 (P ¼ 0.511). The general lack of an effect of 
milk on BMC was expected. Peak bone mass is generally 
reached during mid to late adolescence (18 y) (65–67). 
However, certain sites such as the arm may continue to 
accrue bone mass into adulthood (66). The significant effect 
of milk on arm BMC in this study indicates that this region 
may be sensitive to the effects of increased dairy/calcium 
during the mid to late adolescent period. 

The favorable effects of milk on BMD in this study were 
consistent with several other intervention studies in adoles-
cent girls involving either calcium supplements or milk/dairy 
supplementation. Two notable exceptions were 12 mo cal-
cium supplement interventions, which both failed to show 
significant effects on BMC and BMD. Calcium supplementa-
tion was adequate (1000 mg/d) in the Rozen et al. (68) 
study, but compliance was poor with only 23% of the cal-
cium supplemented group having a calcium intake 
>1300 mg/d. In contrast, compliance was relatively high in 
the Molgaard et al. (69) study, but calcium supplementation 
may have been inadequate (500 mg/d) resulting in subopti-
mal effects on bone. 

Studies showing a positive effect of calcium supplementa-
tion (70–73) or dairy interventions (10, 11, 74, 75) on BMD 
in adolescent girls have ranged in duration from 6 months 
to 7 years. This is the first study to our knowledge to show 
significant effects after 3 mo. Despite the short duration, the 
magnitude of increase in this study after 3 mo was similar 

or greater to longer duration interventions. Several meth-
odological aspects of this study may have contributed to the 
significant increases in such a short time period. First, com-
pliance was extremely high in this study, whereas it was 
poor to moderate in other investigations and tended to 
decline as a function of time. Also, the fact that milk was 
used in this study may have contributed to better results 
compared to studies that used calcium supplements because 
of the potential benefit of other nutrients (i.e., vitamin D, 
protein, CLA, and other micronutrients). Finally, calcium 
intake was well above the RDA (>1500 mg/d) and this was 
consistently achieved by all subjects. 

The studies with dairy interventions are more directly 
comparable to the current study because of the similarity in 
the supplement. Most used milk and or a combination of 
milk and other dairy products. Chan et al. (11) investigated 
the effect of a 12 mo daily, milk and dairy product supple-
ment of 1200 mg/d compared to 900 mg/d in this investiga-
tion and the dairy group had a significantly greater increase 
in lumbar spine BMD and whole body BMC than controls. 
Similarly, our BMD in the whole, arm, trunk and pelvis sig-
nificantly increased. The spine skeletal site was almost sig-
nificant and had the study been a longer duration 
investigation the lumbar spine BMD likely would have been 
significantly increased as well due to lumbar bone being pri-
marily comprised of trabecular bone. Cadogan et al. (10), 
Merrilees et al. (75), and Matkovic et al. (74) all reported 
improvements in BMD and some reported BMC with in an 
increase milk and or dairy supplementation versus control. 
The sites that were significantly improved included the lum-
bar spine, femoral neck and the greater trochanter. 
Although this investigation did not measure the greater tro-
chanter or the hip the type of bone at this site is primar-
ily trabecular. 

Other studies have demonstrated that the beneficial 
effects of calcium supplementation are most evident during 
the early adolescence period (70, 71). This study is unique 
because positive effects of milk supplementation were 
observed in girls that were in mid to late adolescence and 
Tanner stage 4 and 5. Thus, girls may still benefit from add-
itional calcium/dairy even if they have gone through their 
primary growth spurt. It is unknown whether the increases 
in BMD in this study will be maintained into adulthood. 
Supplementing with milk has been shown to have lasting 
effects on bone mass for 1.5 to 3.5 years after discontinu-
ation (45, 46). Therefore, one could predict that that 
increased BMD in the current study would be maintained 
for a similar time period. 

In summary, inadequate calcium consumption among 
adolescent girls is a serious health problem that has been 
identified since at least 1970 (76). Campaigns to increase 
milk and dairy consumption in all populations but particu-
larity adolescent girls and young women have essentially 
failed. However, efforts to educate and promote milk con-
sumption should continue because milk and dairy products 
are an excellent source of calcium and other nutrients and 
constitute the major source of calcium in the diet. Milk may 
also be obtained at a very low cost relative to its nutritional 
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value and offers high calcium bioavailability. Additionally, 
calcium supplementation and the continuation of calcium 
fortification should be explored to help adolescent girls 
achieve their calcium recommendation of 1300 mg/day of 
calcium. With the incidence of individuals with osteoporosis 
increasing in the United States and the rate of fracture 
increasing in youths due to increased soda consumption, 
more attention should be paid to dietary and exercise habits 
over the lifespan (77–80). Improved optimal dietary intakes 
and exercise interventions may be keys to reversing these 
negative trends. In the face of a host of misinformation on 
resistance training for adolescents, especially girls (e.g. fears 
of getting big), and trends of alternatives to milk consump-
tion, our findings indicate that both can provide important 
synergism for optimizing health and fitness benefits. 

Conclusion 

The use of resistance training with optimal diets containing 
more dairy products and/or calcium supplementation may 
help to impact peak bone mineral density and content. 
Based on the favorable effects of increasing fluid milk when 
combined with 12 wks of resistance training in this investi-
gation a longer duration study of milk supplementation and 
resistance training is needed. Therefore, over the course of 
3 mo the effects of 1300 mg/d or more of fluid milk com-
bined with a heavy resistance training program resulted in 
the additive effects of greater nutrient adequacy and BMD 
in adolescent girls. 
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