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Dairy product intake decreases bone resorption following a
12-week diet and exercise intervention in overweight and obese
adolescent girls
Andrea R. Josse1,2, Izabella A. Ludwa2, Rozalia Kouvelioti2, Melissa Calleja3, Bareket Falk2,3, Wendy E. Ward2,3 and Panagiota Klentrou2,3

BACKGROUND: We examined whether increased dairy intake was associated with changes in the levels of bone-related
biochemical markers in overweight/obese adolescent girls undergoing a 12-week diet and exercise intervention.
METHODS: Thirty-five girls were assigned to a low dairy group (LDa; 0–2 servings/day; n= 16) or a higher dairy group (RDa;
4 servings/day; n= 19). Morning, fasted/resting blood samples were collected before and after the intervention and serum
concentrations of procollagen-type-1-N-terminal-propeptide (P1NP), β-isomerized-C-terminal-cross-linking-telopeptides (β-CTX),
osteocalcin (OC), 25-hydroxyvitamin-D, sclerostin and parathyroid hormone were measured.
RESULTS: At baseline, there were no significant differences between groups in any bone variable. Changes (Δ) over time in β-CTΧ
(p= 0.035; interaction) and OC (p= 0.015; interaction) were significantly different between groups characterized by decreases in
RDa and increases in LDa. P1NP and P1NP:β-CTX ratio decreased in both groups (main time effects: p= 0.003, p= 0.041,
respectively). Δβ-CTX (r=−0.37; p= 0.028) and ΔOC (r=−0.39; p= 0.021) were correlated with average number of dairy servings
consumed during the study and with each other (r= 0.45; p= 0.006). ΔOC was not correlated with ΔP1NP (r= 0.19; p= 0.27).
CONCLUSIONS: Our results suggest that the osteogenic response to a diet and exercise program in this population can be
improved with increased dairy intake via a decrease in bone resorption.
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IMPACT:

● We demonstrated that bone resorption significantly decreased over the intervention period in the group consuming adequate
levels of dairy products compared to the group consuming little to no dairy products. Change in bone resorption was
negatively correlated with average number of dairy servings consumed during the study. Our results suggest that the
osteogenic response to a diet and exercise program in this population can be improved with increased dairy intake via a
decrease in bone resorption.

● This is the first study to date to assess changes in bone marker status following a lifestyle intervention with exercise and
different intakes of dairy products in a sample of OW/OB adolescent girls. We provide evidence that increased dairy product
intake is associated with beneficial changes in circulating levels of bone-related biochemical markers in these girls undergoing
a 12-week lifestyle (nutrition counseling and exercise training) intervention program.

● The main impact of our work relates particularly to the recent changes to Canada’s food guide. Using the old recommendations,
we demonstrated that the inclusion of 3–4 servings of mixed dairy foods per day improved bone health (primarily as a decrease
in resorption) in OW/OB adolescent girls and that this level of dairy product intake appears appropriate and should still be
encouraged for this age group. We also demonstrated that adolescent girls, a group that usually does not sufficiently consume
dairy products, also improved their BMI percentile and nutrient intake with the inclusion of dairy products in their diets.

INTRODUCTION
Adolescence is a critical time period for the accrual of bone mass.1

According to the 2016 USA National Osteoporosis Foundation’s
position statement on lifestyle factors that affect peak bone mass
development, the only factors that have strong or moderate level
evidence to positively affect bone include the consumption of

dairy foods, dietary calcium, vitamin D and exercise.1 However,
dairy consumption among adolescents in the USA1 and Canada2 is
insufficient, with 94% of girls ages 14–18 years and 83% of girls
ages 10–16 years not consuming the recommended minimum
intakes of 3 cups of milk/day or 3 servings of dairy/day
respectively. In terms of exercise, only 35% of Canadian youth
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ages 5–17 years meet the recommended guidelines for physical
activity.3 Lack of physical activity, as well as an increase in
sedentary behavior is linked to overweight and obesity.4 Low dairy
intake, coupled with low levels of physical activity and obesity,5

likely sets youth on a trajectory into adulthood with compromised
bone health and an increased risk of chronic disease.
Children who are OW/OB have excess body fat and may also

present with suboptimal bone status and higher fracture
incidence.6 According to previous cross-sectional studies, a
negative association exists between fat mass and bone mass in
adolescents, once lean mass is accounted for.7 Our previous work
has also shown that a higher body fat content negatively affects
markers of bone formation in early and late-pubertal girls.8 Higher
fat content in the bone marrow may negatively affect osteoblast
differentiation, increase osteoclastic activity and impair bone
mineralization (i.e. bone mineral density; BMD).9 This is proble-
matic since a lower peak bone mass (defined as the amount of
bone accrued by the end of skeletal maturation) and compro-
mised bone strength predicts a greater fragility fracture risk in
adulthood.10,11 A meta-analysis of randomized controlled trials
and cohort studies from 200811 as well as a systematic review
from 201712 demonstrated that increased dairy product (and
calcium) intake improved bone mineral content in normal weight
children and adolescents, particularly those with low baseline
calcium intakes,11 and that this effect was greater when exercise
was combined with calcium.13 No such data exist for OW/OB
youth, yet they may be particularly at risk for impaired bone
development.
Our previous research utilizing a lifestyle approach to assess

changes in bone biomarkers in OW/OB premenopausal adult
women (age 18+ years) demonstrated that diets higher in dairy
foods, combined with daily exercise, favorably affected bone
metabolism.14 However, it is even more important to examine
whether such a lifestyle program can lead to positive bone
adaptations in a younger cohort of OW/OB adolescent girls, i.e.,
precisely during the critical period of peak bone mass accrual and
development. Thus, the purpose of this study was to examine
whether increased dairy intake (4 servings/day according to the
2007 Canada’s Food Guide15), during a 12-week diet and exercise
intervention program, improves circulating levels of bone-related
biochemical markers in OW/OB adolescent girls. Based on the
previous results in young OW/OB adult women,14 we hypothe-
sized that 12 weeks of exercise combined with dairy foods would
improve the bone turnover response compared to 12 weeks of
exercise without dairy.

METHODS
Participants
The present study includes data from 35 (mean age 14.3 ± 1.5
years; range 12.0–16.9 years) out of 63 adolescent girls (age range
10.0–18.5 years) who took part in a larger lifestyle modification,
weight management parallel randomized controlled intervention
trial entitled, ‘Improving Diet, Exercise And Lifestyle (IDEAL)
for Adolescents’, which was registered at ClinicalTrials.gov
(NCT02581813), and was cleared by our institution’s Research
Ethics Board (BREB file # 14-284). Data and measurements in the
present study represent a secondary analysis of the bone turnover
response and have not been previously published. Participants
were recruited from the Niagara Region, Ontario, Canada via
advertisements in local media, social media, university press
releases and flyers posted in the community, from pediatric and
general practitioner physician clinics, and from elementary and
high schools in the District School Board of Niagara. To be eligible
for this study, participants had to be menarcheal, between the
ages of 12 and 16.9 years, overweight (OW; ≥85–96 percentile
BMI) or obese (OB; ≥97 percentile BMI) based on World Health
Organization growth charts, low dairy consumers (0–2 servings

per day), minimally active (activity 0–2 times per week) and
otherwise healthy. All eligible participants and their parents/
guardians were invited to Brock University, where they provided
informed assent and consent, respectively.
Each participant completed a general health questionnaire to

document medical history and medication use. Participants were
excluded if they reported an allergy to dairy foods or lactose
intolerance, were taking medications related to a chronic
condition or that affected bone health, and/or were consuming
vitamin or mineral supplements. After all entry criteria were met,
participants were randomized. The randomization scheme for the
larger/main study was as follows: participants were stratified by
BMI percentile (either overweight or obese) and were randomly
assigned (using a random number generator) to one of three
different groups using an unblocked random allocation ratio of
2:2:1. The three groups were: recommended dairy (RDa), low dairy
(LDa) or a no-intervention control group (Con), respectively. Two
independent study coordinators enrolled the participants and
assigned them to the groups based on the random allocation
sequence. The group assignments were concealed from the main
investigators. The present secondary analysis includes a subset of
participants from the two intervention groups only (RDa and LDa),
which were randomized equally (1:1). Supplementary Fig. 1 shows
the CONSORT flow diagram pertaining to this study.

Study design and procedures
The IDEAL for Adolescents Study was a 12-week, diet and exercise
intervention study in OW and OB adolescent girls carried out from
June 2016−October 2018. Prior to commencing the intervention,
participants visited the laboratory for baseline testing that
included anthropometric measurements and a fasting blood
sample, and were instructed on how to properly complete a 7-
day food record to verify their low dairy intake and to learn about
their habitual daily diet. After the initial visit participants came
back to the laboratory for an exercise introduction session, where
the parent/guardian and participant met their personal trainer,
reviewed the exercise program, and outlined the exercise
schedule for the next 12 weeks. Pedometers (Fitbit ZipTM) were
also provided to each participant during this visit for use during
the study and after (as part of their compensation for participa-
tion). After the exercise introduction session, participants had their
first diet consultation with a registered dietitian who reviewed the
baseline 7-day food record with them and their parent/guardian
and gave detailed instructions for beginning the dietary protocol.
If the participant was randomized to the RDa group, dairy
products were provided during this visit (and weekly thereafter),
and additional instructions were provided regarding their
consumption for the rest of the trial.

Exercise intervention
Participants in both groups (RDa and LDa) completed a structured
exercise training program over the 12 weeks (3 times/week). The
exercise intervention was individualized but based on the
principles of progressive loading whereby the exercise trainers
would change exercise variables (i.e. load/reps/duration/speed) to
maintain a constant exercise stimulus. Exercise sessions lasted
between 60 and 90min. Each session began with a plyometric-
based (jumping) warm-up for 5–10min, followed by 20min of
aerobic training (on either a treadmill, cycle ergometer, elliptical or
rowing ergometer) and either 10–20min of resistance training
using free weights or selectorized resistance exercise machines, or
plyometric exercises. Upon completion, participants cooled down
by stretching and walking. Participants consumed a drink
immediately after each training session. The RDa group drank 1
cup (250 ml) of 1% chocolate milk, and the LDa group had 1 cup
of a non-dairy, vitamin D- and calcium-free, carbohydrate-based,
electrolyte drink. On days that participants did not receive formal
exercise training, they were assigned various forms of physical
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activity to achieve a predetermined number of steps during their
leisure time.

Dietary intervention
Dietary counseling by a registered dietitian was provided five
times during the study (weeks 0, 2, 4, 8, 12) to each participant
individually. Energy requirements/expenditures were calculated
for each participant using predictive equations from the Academy
of Nutrition and Dietetics for OW/OB girls with a sedentary activity
factor. This was used to prescribe a diet for weight maintenance
(as opposed to weight loss) based on participant’s age, height and
body mass. Participants were provided with an individualized
eating plan outlining their required macronutrient intakes in food
group servings from Canada’s 2007 Food Guide15 corresponding
to their calculated daily energy requirements to maintain energy
balance. This was the current food guide throughout the duration
of the intervention. All participants were counseled on consuming
a healthy diet of fruit, vegetables, high fiber foods, whole grains,
lean meats and meat alternatives. Participants were also asked to
avoid processed foods, foods high in “bad” fats (trans and some
saturated fat (SFA)), sugar-sweetened beverages, pastries and
confection, and they were instructed not to take any vitamin or
mineral supplements during the study.
The study was designed such that the RDa and LDa groups

differed primarily in the source of protein they consumed (and
associated nutrients), as the RDa group consumed half of their
daily protein (~20% of total energy intake) from dairy sources. The
RDa group was provided with (for the entire duration of the
intervention) and instructed to consume 4 servings/day of mixed
dairy products as recommended by the 2007 Canada’s Food
Guide.15 These included: 2 cups of milk (white and chocolate 1%),
2 × 100 g cartons of 0% or 2% MF Greek yogurt (any flavor) and 42
g of full-fat cheddar or marble cheese. The LDa group maintained
their low dairy intake (as per this study entry criterion) of
0–2 servings/day and continued to consume protein from other
sources including: meat, egg, fish, chicken, legumes and grains.
They were also asked to continue to refrain from consuming
calcium-fortified beverages/foods.

Measurements
Anthropometrics and maturity. Height (cm), sitting height (cm),
and body mass (kg) were assessed for each participant at weeks 0
and 12 by the same investigator. Standing and sitting height were
measured using a stadiometer (Seca 213 Portable Stadiometer,
CME Corp., Warwick, RI) to the nearest 0.1 cm with light clothing
and no shoes. An additional measure of leg length (cm) was
derived by subtracting sitting height from standing height. Body
mass was assessed using a standard scale (Digital Physician Scale,
Rice Lake Weighing Systems, Rice Lake, WI).
The somatic maturity offset (years from peak height velocity)

was estimated using a sex-specific regression equation.16 This is a
simple, noninvasive method of assessing somatic maturity in
children using known differential growth measures of height,
seated height and leg length.

Food records. All participants provided 7-day food records at
weeks 0 and 12 and 3-day food records at weeks 2, 4 and 8 before
each dietetic counseling session to assess dietary intake, track
compliance with the nutrition protocol and to provide guidance
moving forward. The same investigator analyzed all food records
using the Food Processor Diet analysis software program (ESHA
Research, Inc. Salem, OR).

Blood and biochemical markers. Fasting venous blood samples
were collected by phlebotomists from the median cubital vein in
the antecubital fossa of each participant’s arm using a standard
venipuncture technique. Blood samples were obtained on two
occasions (pre- and post intervention) between the hours of 0800

and 1000 after an overnight fast of 10–12 h. Blood was collected
into SST vacutainer tubes and was allowed to clot (~10min)
before being centrifuged at ≤1300 RCF (g) for 15min. Serum was
separated and aliquoted into 0.5 ml polyethylene cryotubes that
were stored at −80 °C until analysis upon study completion. Total
Procollagen-type-1-N-terminal-propeptide (P1NP; cat# 03141071
190), β-isomerized-C-terminal-cross-linking-telopeptides (β-CTX; β-
CrossLaps; cat#: 11972308 122), and total 25-hydroxyvitamin D
(Vitamin D; # 05894913 190) were measured from serum at the
Mount Sinai Hospital Core Laboratory (Toronto, Ontario) using a
Roche e411 Elecsys automated analyzer for P1NP, and a Roche
Cobas e602 automated analyzer for β-CTX and total 25-
hydroxyvitamin D. Lower and upper detection limits were
5-1200 μg/l (quality control standard CV: 5.2%), 0.010–6.00 ng/ml
(quality control standard CV: 4.8%) and 3.00–70.0 ng/ml (or
7.5–175 nmol/l; quality control standard CV: 6.2%), for P1NP, β-
CTX and 25-hydroxyvitamin D, respectively. Sclerostin, osteocalcin
(OC) and parathyroid hormone (PTH) were measured in duplicate
using a microbead multiplex kit (Human bone magnetic bead
panel, cat.# HBNMAG-51K-08, EMD Millipore, Darmstadt, Ger-
many). The average inter- and intra-assay coefficients of variation
(CV) for OC were 5.7% and 5.5%, for sclerostin were 13.5% and
6.4%, and for PTH were 4.3% and 5%, respectively. The ratio of
bone turnover markers was calculated by dividing each partici-
pant’s P1NP (ng/l) value with their corresponding β-CTX (ng/l)
values at pre- and post intervention, as previously reported.14

Compliance. Compliance was calculated separately for the
exercise and dairy components of the study. For the structured
exercise program, compliance was determined as the percentage
of exercise sessions attended relative to the number of scheduled
exercise sessions over the 12 weeks. Compliance with the
consumption of the dairy products for the RDa group was
calculated as the average daily servings of dairy products
consumed by the participants, as reported in their food records
at weeks 4, 8 and 12, compared to those prescribed/provided. RDa
participants were considered compliant if they consumed ≥3 of
the 4 prescribed servings/day. LDa participants were considered
compliant if dairy intakes were kept ≤2 servings/day.

Statistical analysis
Results are presented as mean ± standard deviation (SD) in the
tables and mean ± standard error (SE) in the figures. Missing
values (two values each for P1NP, β-CTX and vitamin D; one value
each for OC, sclerostin, and PTH) were replaced with either the
corresponding measured pre- or post-intervention value for that
participant. Data were then assessed for normality using visual
screening of histograms, z-scores for skewness and kurtosis and
the Kolmogorov−Smirnov test. All variables except for P1NP, OC,
PTH and the P1NP:β-CTX ratio were normally distributed. These
became normal after log transformation. Two-way repeated
measures ANOVAs (RMANOVAs) were conducted on all variables
to examine the change over time (pre- to post intervention, time
effect), the differences between groups (RDa vs. LDa, group effect),
and the difference between groups in the changes over time
(group-by-time interaction). If a significant interaction was
present, post-hoc pairwise comparisons (paired t tests) were
conducted for each group separately. Independent t tests were
also conducted to examine differences between groups at
baseline. Following this, a sensitivity analysis was conducted, after
outlier identification and treatment. Outlying values (with z-scores
>2) were identified and replaced with the group mean value ±2
SD. This method of treating outliers retains their extremeness
within the range limits of the dataset and helps to normalize our
data.17 From the 70 data points per marker (35 total participants,
and 2 timepoints: pre- and post intervention), there were two
outliers for β-CTX, six for P1NP, five for OC, four for sclerostin, one
for 25-hydroxyvitamin D, and none for PTH. After outlier

Dairy product intake decreases bone resorption following a 12-week diet. . .
AR Josse et al.

912

Pediatric Research (2020) 88:910 – 916



treatment, P1NP and PTH still required log transformation but OC
and the P1NP:β-CTX ratio did not. Pearson correlations were
conducted on the outlier-treated data to assess the relationships
between nutrition, dairy servings and change in bone turnover
markers as well as the relationships between maturity offset (years
from age at PHV) and bone markers at the pre-intervention
timepoint (baseline). For all statistical tests, significance was
assumed at an alpha level of <0.05. Statistical analyses were
performed using SPSS version 25.0 for Windows (SPSS, Chicago,
Illinois, USA).

RESULTS
At baseline (pre-intervention), there were no significant differ-
ences in the anthropometric measures, years from peak height
velocity, and dietary intakes for energy, protein, carbohydrates, fat,
phosphorous, potassium and magnesium between groups. Intakes
of vitamin D and calcium were significantly different between
groups at baseline (p= 0.040 and p= 0.012, respectively). Both
groups made improvements to their diet by demonstrating
increased intakes of several nutrients over time (Table 1; protein,
phosphorus, potassium and magnesium). BMI percentile also
decreased in both groups (Table 1) without an accompanied
increase in body weight and with a small increase in height. Daily
intakes of dairy-related nutrients including protein, vitamin D,
calcium, phosphorous and potassium showed significant group-
by-time interactions indicating that the RDa group had increased
intakes compared to the LDa group (by virtue of the study design)
(Table 1; interactions).
At baseline, there were no significant differences between the

groups in any of the bone biochemical markers or the bone
turnover ratio. Two-way RMANOVAs showed significant group-by-
time interactions for β-CTX (ng/l; RDa −97 ± 223 vs. LDa +68 ±
216) and OC (pg/ml, RDa −945 ± 1954 vs. LDa +696 ± 1665; log-
transformed) such that both decreased from pre- to post
intervention in the RDa group and increased in the LDa group
(Table 2, Figs. 1, 2). Post-hoc pairwise comparisons indicated that
OC significantly decreased (p= 0.031) and CTX showed a trend
towards a decrease (p= 0.077) from pre- to post intervention in

RDa with no change in LDa (p= 0.18 and p= 0.23, respectively).
P1NP and the ratio of P1NP:β-CTX (both log-transformed) showed
significant main effects of time indicating that P1NP and P1NP:β-
CTX decreased overall. Following outlier treatment, the interac-
tions remained for β-CTX (p= 0.020) and OC (not log-transformed;
p= 0.009), but the main time effects for P1NP (log-transformed)
and the P1NP:β-CTX ratio (not log-transformed) were no longer
statistically significant (p= 0.058 and p= 0.69, respectively). Post-
hoc pairwise comparisons following the interactions on the
outlier-treated data indicated that both OC (p= 0.029) and CTX
(p= 0.038) significantly decreased from baseline in RDa with no
change in LDa (p= 0.23 and p= 0.14, respectively).
Pearson correlations were conducted on the outlier-treated

data across the whole sample (n= 35). Change in β-CTX (r=
−0.37; p= 0.028) and change in OC (r=−0.39; p= 0.021) were
negatively correlated with average number of dairy servings
consumed during the study. Of note, change in β-CTX was also
correlated with change in OC (r= 0.45; p= 0.006) and change in
sclerostin was correlated with change in (log-transformed) PTH
(r= 0.49; p= 0.003). No other bone variables were correlated with
each other.
Pearson correlations were also conducted on the outlier-treated

data across the whole sample between variables at the pre-
intervention timepoint (baseline). Maturity offset (years from age
at PHV) was negatively correlated with β-CTX (r=−0.68; p <
0.001), P1NP (log-transformed: r=−0.71; p < 0.001) and OC (r=
−0.44; p= 0.008). These relationships indicate that as maturity
increases, bone turnover decreases.
For exercise compliance, the RDa group attended 86% (range:

71–97%) of their scheduled exercise sessions, whereas the LDa
group attended 80% (range: 56–94%) of their scheduled exercise
sessions (independent t test between groups; p= 0.065). On
average, both groups complied with the dairy protocol, according
to the combined food record data from the weeks 4, 8 and 12. The
RDa group consumed 3.9 ± 0.4 servings/day and the LDa
consumed 0.2 ± 0.2 servings/day. Overall, 19/19 participants in
the RDa group complied with consuming ≥3 servings/day of dairy
products, and 16/16 participants in the LDa group maintained
their habitually low intakes of ≤2 servings/day.

Table 1. Anthropometrics and nutritional intake pre- and post intervention in the recommended dairy (RDa) and low dairy (LDa) groups of
overweight and obese adolescent girls (mean ± SD).

Variable RDa
N= 19

LDa
N= 16

RMANOVA
(p values)

Pre Post Pre Post Group Time Group × time

Years from peak height velocity 2.0 ± 0.9 2.1 ± 0.9 2.5 ± 0.9 2.6 ± 0.9 0.12 <0.001 0.23

Height (cm) 163.4 ± 8.4 163.8 ± 8.4 163.5 ± 5.7 163.8 ± 5.5 0.98 0.002 0.53

Body weight (kg) 79.7 ± 15.5 79.7 ± 14.4 78.9 ± 13.9 77.6 ± 13.4 0.76 0.26 0.28

BMI percentile (%) 96.5 ± 4.6 95.6 ± 6.4 94.4 ± 6.1 93.3 ± 6.9 0.27 0.027 0.75

Energy (kcal/day) 1749.2 ± 369.7 1756 ± 364.7 1591.6 ± 468.2 1510.9 ± 180.5 0.065 0.56 0.49

Protein (g/day) 67.0 ± 18.8 86.7 ± 12.3* 64.71 ± 17.6 74.2 ± 11.0* 0.12 <0.001 0.044

Carbohydrates (g/day) 216.2 ± 50.9 207.5 ± 47.2 194.3 ± 57.0 177.3 ± 31.1 0.076 0.10 0.54

Fat (g/day) 70.9 ± 15.7 66.6 ± 22.1 64.8 ± 23.3 59.7 ± 10.8 0.15 0.31 0.93

Vitamin D (mcg/day) 2.2 ± 1.5 5.7 ± 1.0* 1.4 ± 0.9 1.7 ± 1.0 <0.001 <0.001 <0.001

Calcium (mg/day) 699.3 ± 269.3 1295.7 ± 185.2* 489.3 ± 179.7 504.2 ± 222.0 <0.001 <0.001 <0.001

Phosphorous (mg/day) 828.6 ± 332.2 1335 ± 204.8* 722.5 ± 205.8 877.3 ± 166.5* <0.001 <0.001 0.001

Potassium (mg/day) 1555.8 ± 623 2359.4 ± 489.7* 1508.5 ± 494.6 1881.7 ± 437.6* 0.086 <0.001 0.031

Magnesium (mg/day) 167.3 ± 72.6 224.6 ± 54.6 158.5 ± 51.4 236.0 ± 71.0 0.94 <0.001 0.42

Significant at p < 0.05 (RMANOVA).
*Significant at p < 0.05 (post-hoc paired/within-group t test).
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DISCUSSION
This is the first study to date to assess changes in bone markers
following a lifestyle intervention of dietary advice, exercise and
different intakes of dairy products in a sample of OW/OB
adolescent girls. We provide evidence that increased dairy intake
is associated with healthful changes in circulating levels of bone-
related biochemical markers in these girls undergoing a 12-week
lifestyle (nutrition counseling and exercise training) intervention
program for weight maintenance. Specifically, we found divergent
changes in β-CTX and OC such that both decreased in the RDa
group compared to the LDa group. Additionally, change in β-CTX
(r=−0.37; p= 0.028) and change in OC (r=−0.39; p= 0.021)
were negatively correlated with the average number of dairy
servings consumed during the study, indicating that a greater
intake of dairy foods is associated with lower bone resorption and,
thus, lower bone turnover. The RDa group also showed greater

increases (compared to LDa) in the intakes of several bone-
supporting nutrients, including protein, calcium, vitamin D,
phosphorous and potassium, likely related to the provision of
dairy products throughout the 12-week intervention. The LDa
group also increased their intakes of some of these nutrients from
other food sources but not to the same extent as the RDa group.
Nonetheless, positive changes in some nutrient intakes across
both groups demonstrate that our dietary intervention (healthy
eating advice to both and dairy product provision to the RDa
group only) improved dietary intakes in both groups.
The decision to use dairy foods in this study was based on

previous evidence in OW/OB premenopausal women demonstrat-
ing that the consumption of three or more servings/day of mixed
dairy foods with exercise had beneficial effects on biochemical
markers of bone metabolism.14 These results are now extended by
our study to younger girls. As P1NP decreased in both groups (but
no significant change following outlier treatment), the changes
experienced by the LDa group in comparison to the RDa group
were more compromising to bone health. Specifically, the LDa
group experienced an increase in collagen resorption, whereas the
RDa group experienced a decrease in collagen resorption, as
reflected in the β-CTX interaction and the post-hoc test in the RDa
group, respectively. The decrease in collagen resorption is
concomitant with the decrease in OC in the RDa group.
Importantly, OC has a role in mediating overall bone matrix
turnover, not just bone formation.18 Change in OC was correlated
with change in β-CTX (r= 0.45; p= 0.006) but not with change in
P1NP (r= 0.19; p= 0.27), suggesting that increases in bone
turnover are more strongly associated with and may be driven
by increases in β-CTX. Thus, our data demonstrate that the
benefits of dairy consumption for bone turnover seem to be more
apparent in the process of bone resorption, which is less dominant
during growth compared to bone formation.
Concentrations of some of the measured bone markers in our

OW/OB girls were consistent with those of normal weight girls,
while others were not. For example, the P1NP values observed in
our study were within the normal range of reference values
reported in the literature for girls of this age group.19–21 OC levels
are at the lower end of the normal range reported for girls of this
age19 while β-CTΧ is higher than the reference values previously
reported.21 These differences may relate to the adverse influence
of excess fat tissue (particularly in the visceral region22,23) on BMD
and bone metabolism in obese youth.24 Obese adolescent girls
tend to have higher circulating concentrations of leptin, estrogen,
insulin and IGF-1, and these changes are not only associated with

Table 2. Bone biochemical markers and bone turnover ratio in two groups pre- and post intervention in the recommended dairy (RDa) and low dairy
(LDa) groups of overweight and obese adolescent girls (mean ± SD).

Variable RDa
N= 19

LDa
N= 16

RMANOVA
(p values)

Pre Post Pre Post Group Time Group × Time

P1NP (μg/l)‡ 376.9 ± 308.7 300.1 ± 224.8 258.3 ± 200.0 251.4 ± 205.3 0.20 0.003€ 0.066

β-CTX (ng/l) 1015.4 ± 331.3 918.9 ± 364.6† 831.6 ± 290.7 899.5 ± 317.2 0.34 0.71 0.035

Osteocalcin (pg/ml)‡ 15380.1 ± 6081.0 14434.9 ± 4992.1†, * 12611.3 ± 5475.3 13307.3 ± 6335.3 0.22 0.82 0.015

Sclerostin (pg/ml) 2667.6 ± 1057.1 2576.8 ± 1200.6 2175.5 ± 1011.6 2036.8 ± 1082.3 0.17 0.12 0.74

25-hydroxyvitamin D (nmol/l) 81.7 ± 20.9 83.7 ± 22.3 77.2 ± 25.3 78.1 ± 27.6 0.51 0.59 0.85

Parathyroid hormone (pg/ml)‡ 113.2 ± 68.2 108.0 ± 70.2 81.9 ± 37.2 78.8 ± 35.3 0.14 0.38 0.66

Bone turnover ratio (P1NP:β-CTΧ)‡ 337.8 ± 164.4 304.8 ± 121.9 280.9 ± 127.7 252.9 ± 123.6 0.20 0.041€ 0.57

No outliers have been treated/adjusted.
*Significant within-group pre−post difference, p < 0.05; post-hoc paired t test.
‡Statistics were performed on log-transformed data.
€Following outlier treatment, nonsignificant (p > 0.05) main time effect (P1NP p= 0.058; P1NP:CTX p= 0.69).
†Following outlier treatment, significant within-group pre−post difference p < 0.05; post-hoc paired t test (RDa: β-CTX p= 0.038 and OC p= 0.029).
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Fig. 1 Change in β-CTX concentration in the RDa and LDa groups
(mean ± SE). *denotes significant difference between the two
groups (RMANOVA interaction, p= 0.035).
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two groups (RMANOVA interaction, p= 0.015).
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accelerated pubertal development and bone maturation, but also
with the increased infiltration of adipose tissue into the bone
marrow which may negatively affect these processes.25

In the context of somatic growth, for which our participants
were still undergoing, bone markers are naturally changing.8 Our
study demonstrated that at pre-intervention, somatic maturity
(years from age of peak height velocity) was negatively correlated
with β-CTX (r=−0.68; p < 0.001), P1NP (log-transformed: r=
−0.71; p < 0.001) and OC (r=−0.44; p= 0.008). These relation-
ships reflect that as maturity increases, bone turnover decreases.
During the intervention, we observed that P1NP decreased over
time in both groups (but no significant change following outlier
treatment), which is to be expected with increased age21,26), but
β-CTX behaved differently in both groups; increasing in LDa and
decreasing in RDa. Also, there were no associations between P1NP
and dairy intake. This is in contrast to what we have previously
observed in young adult males where P1NP increased and β-CTX
did not change following 12 weeks of Greek yogurt consumption
and resistance training,27 and in young adult females following
16 weeks of a high protein/high dairy diet with exercise in the
context of weight loss.14 It is possible that P1NP did not increase in
this adolescent age group because it was already quite high,
whereas concentrations were much lower in adult females14 and
males27 allowing for greater increases in response to an
osteogenic stimulus. There may be an age-related ceiling effect
of formation since adolescents already have higher rates of bone
formation than adults28 and therefore, theoretically less room to
improve.
Our correlations between dairy product intakes and bone markers

as well as our main result of decreased bone resorption with
increased dairy intake and exercise highlight the importance of the
incorporation of dairy foods/nutrients into the diets of growing girls
for improved skeletal health. This finding is particularly important
now given the deemphasis of dairy foods in the new Canada’s Food
Guide,29,30 and the very low documented consumption of these
foods in adolescent girls.1,2 Indeed, it has recently been reported
that the dietary pattern recommended by the new Canada’s Food
Guide, while adequate in many micronutrients, is inadequate for
meeting the recommended dietary allowances (RDAs) for calcium
and vitamin D.30 Our use of (3 to) 4 servings per day of dairy foods in
the RDa group represented the previous recommendation, from the
2007 Canada’s Food Guide.15 Even though this is technically not the
current recommendation in terms of servings (in fact, there are no
current serving recommendations, only suggested relative propor-
tions of three food groupings (i.e. 50% of the plate as vegetables
and fruits, 25% as protein foods and 25% as whole grains)29,30), in
our study, this level of dairy intake increased calcium, protein and
most other dairy nutrients to near or above their respective RDAs.31

Therefore, this level of dairy intake appears appropriate and should
still be encouraged for this age group.
Despite the beneficial effects of dairy on bone resorption seen

in our study, a recent randomized controlled trial by Vogel et al.26

reported no effect of three daily servings of dairy (providing 900
mg/day of calcium) for 18 months on bone mineral accrual
(assessed by DXA and pQCT) in OW or normal weight boys and
girls. However, this was an effectiveness-focused intervention that
did not include a structured exercise component or specific
dietary advice/nutritional counseling. It also included less study
visits and was undertaken across a wider age range (8–16 years;
spanning puberty). Relatedly, 67% of the variability in total-body
bone mineral content was attributed to growth variables (change
in height, weight, maturity). Indeed, we also demonstrated strong
correlations between bone variables and growth variables. Other
reasons for the disparate results between our study and Vogel
et al. may lie in the number of dairy products consumed as we
provided 4 servings/day vs. their 3 servings/day of dairy. They also
alluded to the inherent difficulty in repeatedly measuring these
variables in growing children, hence why we narrowed our age

range for the present analyses. Of note, another study carried out
in healthy prepubertal Chinese girls who habitually consumed a
low calcium/vitamin D diet reported that one milk drink fortified
with calcium (560mg/drink) and vitamin D (5–8 μg/drink) per
school-day for 2 years increased bone mineralization (BMC and
BMD), height, sitting height and body weight relative to the
control group (habitual diet, no supplementation).32 The divergent
results between Vogel et al.26 and Du et al.32 are likely attributable
to the different youth populations studied, their varying levels of
maturity and growth (and age ranges), and to the background
dietary habits/intakes of these different populations. Two other 2-
year supplementation studies, one in mostly Caucasian older
adolescent girls (aged 15–18 years)33 and the other in Caucasian
(Finnish) peri-pubertal girls,34 demonstrated positive effects of
long-term dairy food intake on BMD/BMC.
Our group recently published a systematic review assessing the

studies of dairy consumption and bone properties in youth.12

Several other RCTs,35–38 but not all39,40 demonstrated positive
effects of dairy consumption on bone-related variables (miner-
alization and/or bone-turnover markers) in youth populations
(although none exclusively in OW/OB youth), and only one study
reported an increase in BMD and BMC with 3 servings of milk/day
plus resistance exercise for 12 weeks in normal weight boys (13
−17 years).37 While our study was shorter in duration than most of
the above-cited studies, included an exercise intervention and did
not measure bone health radiographically, we uniquely add to the
literature by demonstrating a benefit of mixed dairy product
consumption (4 servings/day) specifically on bone resorption in
menarcheal, OW/OB adolescent girls undergoing a structured diet
and exercise program. The reduced bone resorption may have
contributed to enhanced bone accretion during this period.
In conclusion, our study provides new evidence that a healthy

diet with increased dairy product intake favorably affected
circulating markers of bone metabolism in OW/OB adolescent girls
participating in a 12-week weight management intervention. In the
RDa group, bone markers changed in a manner which suggests that
increased provision of dairy foods combined with exercise reduces
bone resorption. Additionally, our lifestyle intervention, which
included structured dietary advice, succeeded in improving nutrient
intakes across both groups regardless of the inclusion of dairy or not,
although greater positive changes were seen with dairy product
provision. More research is needed to further advance our under-
standing of the role of whole foods, including dairy foods, in weight
management interventions through lifestyle modification for bone
health in pediatric populations.

ACKNOWLEDGEMENTS
The authors would like to thank A. Paashuis for her dietetic counseling services, C.
Watt, T. Higgins, and J. Hicks for their phlebotomy services, and all of the volunteer
exercise trainers, as well as the participants and their families for their participation
and commitment to the study. This study was funded by Dairy Farmers of Canada.
Dairy products were kindly provided by Parmalat (milk and cheese) and Danone
(Greek yogurt).

AUTHOR CONTRIBUTIONS
Conceptualization, A.R.J., B.F., W.E.W. and P.K.; methodology, M.C., I.A.L., A.R.J., B.F., W.
E.W. and P.K.; formal analysis, R.K., I.A.L., A.R.J., P.K.; investigation, I.A.L., M.C., A.R.J.;
data collection, I.A.L., M.C., A.R.J.; writing—original draft preparation, A.R.J., P.K., R.K.;
writing—review and editing, A.R.J., I.A.L., M.C., B.F., W.E.W. and P.K.; project
administration, M.C., I.A.L., A.R.J.; funding acquisition, A.R.J. [PI], B.F., W.E.W. and P.K.

ADDITIONAL INFORMATION
The online version of this article (https://doi.org/10.1038/s41390-020-0834-5)
contains supplementary material, which is available to authorized users.

Competing interests: The authors declare no competing interests.

Dairy product intake decreases bone resorption following a 12-week diet. . .
AR Josse et al.

915

Pediatric Research (2020) 88:910 – 916

https://doi.org/10.1038/s41390-020-0834-5


Ethics statement: Participant informed consent was required and obtained, and the
study was approved by our Institutional Ethics Review Board.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims
in published maps and institutional affiliations.

REFERENCES
1. Weaver, C. M. et al. The National Osteoporosis Foundation’s position statement

on peak bone mass development and lifestyle factors: a systematic review and
implementation recommendations. Osteoporos. Int. 27, 1281–1386 (2016).

2. Health Canada/Government of Canada. Overview of Canadians’ Eating Habits—
Canadian Community Health Survey. https://www150.statcan.gc.ca/n1/en/
catalogue/82-620-M2006002 (2004).

3. Participaction Report Card. https://www.participaction.com/en-ca/resources/
report-card (2018).

4. Katzmarzyk, P. T. et al. International Study of Childhood Obesity, Lifestyle and the
Environment (ISCOLE): contributions to understanding the global obesity epi-
demic. Nutrients 11 (2019).

5. Childhood Obesity Foundation Statistics. https://childhoodobesityfoundation.ca/
what-is-childhood-obesity/statistics/ (2019).

6. Goulding, A. et al. Overweight and obese children have low bone mass and area
for their weight. Int. J. Obes. Relat. Metab. Disord. 24, 627–632 (2000).

7. Gracia-Marco, L. et al. Adiposity and bone health in Spanish adolescents. The
HELENA study. Osteoporos. Int. 23, 937–947 (2012).

8. Klentrou, P., Ludwa, I. A. & Falk, B. Factors associated with bone turnover and
speed of sound in early and late-pubertal females. Appl. Physiol. Nutr. Metab. 36,
707–714 (2011).

9. Bermeo, S., Gunaratnam, K. & Duque, G. Fat and bone interactions. Curr. Osteo-
poros. Rep. 12, 235–242 (2014).

10. Faulkner, R. A. & Bailey, D. A. Osteoporosis: a pediatric concern? Med. Sport Sci. 51,
1–12 (2007).

11. Huncharek, M., Muscat, J. & Kupelnick, B. Impact of dairy products and dietary
calcium on bone-mineral content in children: results of a meta-analysis. Bone 43,
312–321 (2008).

12. Kouvelioti, R., Josse, A. R. & Klentrou, P. Effects of dairy consumption on body
composition and bone properties in youth: a systematic review. Curr. Dev. Nutr. 1,
e001214 (2017).

13. Stear, S. J., Prentice, A., Jones, S. C. & Cole, T. J. Effect of a calcium and exercise
intervention on the bone mineral status of 16-18-y-old adolescent girls. Am. J.
Clin. Nutr. 77, 985–992 (2003).

14. Josse, A. R., Atkinson, S. A., Tarnopolsky, M. A. & Phillips, S. M. Diets higher in dairy
foods and dietary protein support bone health during diet- and exercise-induced
weight loss in overweight and obese premenopausal women. J. Clin. Endocrinol.
Metab. 97, 251–260 (2012).

15. Health Canada/Government of Canada. Eating Well with Canada’s Food Guide.
https://www.canada.ca/en/health-canada/services/canada-food-guide/about/
history-food-guide/eating-well-with-canada-food-guide-2007.html (2007).

16. Mirwald, R. L., Baxter-Jones, A. D., Bailey, D. A. & Beunen, G. P. An assessment of
maturity from anthropometric measurements. Med. Sci. Sports Exerc. 34, 689–694
(2002).

17. Field, A. Discovering Statistics Using SPSS. 3rd edn, 153 (Sage Publications Ltd.,
Washington, DC, 2009).

18. Kenkre, J. S. & Bassett, J. The bone remodelling cycle. Ann. Clin. Biochem. 55,
308–327 (2018).

19. Bayer, M. Reference values of osteocalcin and procollagen type I N-propeptide
plasma levels in a healthy Central European population aged 0−18 years.
Osteoporos. Int. 25, 729–736 (2014).

20. Crofton, P. M., Evans, N., Taylor, M. R. & Holland, C. V. Procollagen type I amino-
terminal propeptide: pediatric reference data and relationship with procollagen
type I carboxyl-terminal propeptide. Clin. Chem. 50, 2173–2176 (2004).

21. Wang, X. et al. Reference and influential factors of serum bone markers in Chi-
nese adolescents. Sci. Rep. 7, 17340 (2017).

22. Gilsanz, V. et al. Reciprocal relations of subcutaneous and visceral fat to bone
structure and strength. J. Clin. Endocrinol. Metab. 94, 3387–3393 (2009).

23. Nobrega da Silva, V. et al. Metabolic syndrome reduces bone mineral density in
overweight adolescents. Bone 66, 1–7 (2014).

24. Lucas, R. et al. Low-grade systemic inflammation and suboptimal bone mineral
density throughout adolescence: a prospective study in girls. Clin. Endocrinol. 77,
665–671 (2012).

25. Kawai, M., Devlin, M. J. & Rosen, C. J. Fat targets for skeletal health. Nat. Rev.
Rheumatol. 5, 365–372 (2009).

26. Vogel, K. A. et al. The effect of dairy intake on bone mass and body composition
in early pubertal girls and boys: a randomized controlled trial. Am. J. Clin. Nutr.
105, 1214–1229 (2017).

27. Bridge, A. D. et al. Consumption of Greek yogurt during 12 weeks of high-impact
loading exercise increases bone formation in young, adult males—a secondary
analysis from a randomized trial. Appl. Physiol. Nutr. Metab. 45, 91–100 (2020).

28. Callegari, E. T. et al. Bone turnover marker reference intervals in young females.
Ann. Clin. Biochem. 54, 438–447 (2017).

29. Health Canada/Government of Canada. Canada’s Food Guide. https://food-guide.
canada.ca/en/ (2019).

30. Barr, S. I. Is the 2019 Canada’s Food Guide Snapshot nutritionally adequate? Appl.
Physiol. Nutr. Metab. 44, 1387–1390 (2019).

31. Health Canada/Government of Canada. Dietary Reference Intakes Tables. Health
Canada. https://www.canada.ca/en/health-canada/services/food-nutrition/healthy-
eating/dietary-reference-intakes/tables.html (2010).

32. Du, X. et al. School-milk intervention trial enhances growth and bone mineral
accretion in Chinese girls aged 10-12 years in Beijing. Br. J. Nutr. 92, 159–168
(2004).

33. Merrilees, M. J. et al. Effects of diary food supplements on bone mineral density in
teenage girls. Eur. J. Nutr. 39, 256–262 (2000).

34. Cheng, S. et al. Effects of calcium, dairy product, and vitamin D supplementation
on bone mass accrual and body composition in 10-12-y-old girls: a 2-y rando-
mized trial. Am. J. Clin. Nutr. 82, 1115–1126 (2005). quiz 1147−1118.

35. Cadogan, J., Eastell, R., Jones, N. & Barker, M. E. Milk intake and bone mineral
acquisition in adolescent girls: randomised, controlled intervention trial. BMJ 315,
1255–1260 (1997).

36. Chan, G. M., Hoffman, K. & McMurry, M. Effects of dairy products on bone and
body composition in pubertal girls. J. Pediatr. 126, 551–556 (1995).

37. Volek, J. S. et al. Increasing fluid milk favorably affects bone mineral density
responses to resistance training in adolescent boys. J. Am. Diet. Assoc. 103,
1353–1356 (2003).

38. Renner, E. & Hermes, M. H. S. Bone mineral density of adolescents as affected
by calcium intake through milk and milk products. Int. Dairy J. 8, 759–764
(1998).

39. Gibbons, M. J. et al. The effects of a high calcium dairy food on bone health in
pre-pubertal children in New Zealand. Asia Pac. J. Clin. Nutr. 13, 341–347 (2004).

40. Albala, C. et al. Effects of replacing the habitual consumption of sugar-sweetened
beverages with milk in Chilean children. Am. J. Clin. Nutr. 88, 605–611 (2008).

Dairy product intake decreases bone resorption following a 12-week diet. . .
AR Josse et al.

916

Pediatric Research (2020) 88:910 – 916

https://www150.statcan.gc.ca/n1/en/catalogue/82-620-M2006002
https://www150.statcan.gc.ca/n1/en/catalogue/82-620-M2006002
https://www.participaction.com/en-ca/resources/report-card
https://www.participaction.com/en-ca/resources/report-card
https://childhoodobesityfoundation.ca/what-is-childhood-obesity/statistics/
https://childhoodobesityfoundation.ca/what-is-childhood-obesity/statistics/
https://www.canada.ca/en/health-canada/services/canada-food-guide/about/history-food-guide/eating-well-with-canada-food-guide-2007.html
https://www.canada.ca/en/health-canada/services/canada-food-guide/about/history-food-guide/eating-well-with-canada-food-guide-2007.html
https://food-guide.canada.ca/en/
https://food-guide.canada.ca/en/
https://www.canada.ca/en/health-canada/services/food-nutrition/healthy-eating/dietary-reference-intakes/tables.html
https://www.canada.ca/en/health-canada/services/food-nutrition/healthy-eating/dietary-reference-intakes/tables.html

	Dairy product intake decreases bone resorption following a 12-�week diet and exercise intervention in overweight and obese adolescent girls
	Introduction
	Methods
	Participants
	Study design and procedures
	Exercise intervention
	Dietary intervention
	Measurements
	Anthropometrics and maturity
	Food records
	Blood and biochemical markers
	Compliance

	Statistical analysis

	Results
	Discussion
	Acknowledgements
	Author contributions
	ADDITIONAL INFORMATION
	References




