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ABSTRACT

BACKGROUND: Insufficient calcium intake is common in adolescents. Higher 
intake of dairy sources of calcium has been linked to lower total body, visceral and 
subcutaneous adiposity. Any differential associations between dairy calcium or 
non-dairy calcium and skeletal muscle fat have yet to be determined, particularly 
in adolescents wherein the relationship between these dietary components and 
whole body and regional adiposity remains unclear.

SOURCE OF DATA: Baseline and three-year follow-up data from 165 girls who were 
participants in the “Jump-In: Building Better Bones Study”.

DESIGN: Prospective, observational measures repeated at a three year interval.

OBJECTIVE: Examine the relationships of dairy calcium and non-dairy calcium with 
skeletal muscle fat, android fat, and total body fat in healthy girls aged 8–13 years.

METHODS: Muscle density (mg/cm3), an index of skeletal muscle fat, was 
measured at the calf and thigh on the non-dominant limb using peripheral 
quantitative computed tomography (pQCT). Whole body and central (android) 
percent fat were measured using dual energy x-ray absorptiometry (DXA). Dairy 
calcium and non-dairy calcium intake were assessed using the Harvard Youth/
Adolescent Questionnaire (YAQ). 

RESULTS: Dairy calcium intake was inversely correlated with android percent 
fat (r= -0.13, p=0.09), and positively correlated with calf muscle density (r=0.14, 
p=0.07). In longitudinal analyses based on change (three years – baseline), average 
non-dairy calcium intake was significantly associated with greater positive changes 
in thigh skeletal muscle density (r = 0.18, p=0.02) and calf muscle density (r=0.17, 
p=0.03).

CONCLUSIONS: Higher dairy calcium consumption is associated with lower 
skeletal muscle fat and lower android fat. Higher non-dairy calcium is correlated 
with decreases in skeletal muscle fat of the thigh and calf over three years. 
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Background

Childhood and adolescent obesity 
is a major public health concern 
and while multi-factorial, the critical 
predictor is a calorie surfeit, relative 
to energy expenditure.1 Dietary 
trends contributing to this imbalance 
also lead to lower intakes of nutrient 
dense foods. In addition to its role 
as an essential nutrient for bone and 
muscle growth, as well as protecting 
against fractures,2 dietary calcium 
has also been shown to regulate 
energy metabolism; thereby having 
the potential to lower obesity risk.3 
During stages of rapid physical 
growth, children have the potential 
of absorbing up to 75% of dietary 
calcium due to increased absorption 
efficacy.2, 4 An adequate intake of 
calcium is crucial to accommodate 
healthy growth and minimize risk of 
disease.

Dairy product contribute 
approximately 70% of the dietary 
calcium intake in Western diets2, 5 
with milk being the leading provider 
in adolescents.6 Epidemiological 
and clinical studies have reported 
that dairy calcium promotes 
more pronounced effects on fat 
mass reduction than non-dairy 
sources do.7 Dairy calcium is likely 
to have this effect due to the 
high calcium content per serving 
and the synergistic bioactive 
absorption promoters (lactose  
and caseinophosphopeptides), 
which contribute to high absorption 
(~ 40%).1, 7 Certain non-dairy dietary 
calcium sources contain the calcium 
absorption inhibitors, oxalic or 
phytic acid, therefore limiting overall 
absorption.8

Most observational studies in 
adults have found significant 

inverse relationships between 
dairy consumption and body mass 
index (BMI), insulin resistance, and 
visceral adiposity.9 While data in 
children are limited, cross-sectional 
studies support the hypothesis that 
a dairy-rich diet is either associated 
with decreased fat mass in children 
or has a neutral effect, although 
longitudinal observational and 
randomized-controlled trials have 
given mixed results.10

Although adipose tissue is the 
primary site for fat accumulation, 
skeletal muscle is another storage 
depot where fat oxidation occurs. 
High fat intake has been related to 
dysfunctional beta oxidation and 
increased intramuscular triglyceride 
stores. Metabolic inhibition of 
fat oxidation and intramuscular 
triglyceride stores have been linked 
to metabolic inflexibility and insulin 
resistance in overweight and obese 
adolescents.11, 12 In a study that 
restricted energy intake in mice, milk 
and whey were found to preserve 
skeletal muscle mass more so than 
calcium alone.6 Since the synergistic 
effects of dairy calcium minimize fat 
gain and preserve skeletal muscle 
mass, it is possible that a dairy-rich 
diet may minimize the development 
of fat deposition within skeletal 
muscle as well as the metabolic 
inhibition of fat oxidation. 

While the relationships of visceral 
and subcutaneous fat depots 
with dietary factors have been 
studied, the relationship between 
skeletal muscle fat deposition 
and dietary factors has not been 
widely explored. Skeletal muscle fat 
deposition is important in that it is 
altered in obesity and is associated 
with impaired glucose tolerance and 
insulin resistance.13-16 The objective 

of this study was to assess the 
relationships of dairy and non-dairy 
calcium with muscle fat content and 
central adiposity, and whole body 
adiposity in adolescent girls over a 
three year period. 

SUBJECTS and METHODS
Study Design and Participants

Data from 165 fourth and sixth grade 
girls, ages 8-13y, participating in the 
“Jump-In: Building Better Bones” 
study was used to examine both 
cross-sectional and longitudinal 
associations between dietary factors 
and measures of adiposity over three 
years. The “Jump-In” (JI) study design 
has been described elsewhere.17 
Briefly, JI was a randomized, 
controlled trial evaluating the effects 
of a structured jumping intervention 
on bone development in young 
girls.17 The study was approved by 
the University of Arizona Human 
Subjects Protection Committee; child 
assent and parental consent were 
obtained for all participants. 

Physical Maturation

Maturation was assessed using 
gender specific equations developed 
by Mirwald18 to estimate maturity 
offset as an estimate of years from 
peak height velocity. Maturity offset 
was estimated using the following 
equation: 
Maturity offset (y) = -9.376 + 
0.0001882*Leg Length (cm) and 
Sitting Height (cm) interaction + 
0.0022*Age (y) and Leg Length (cm) 
interaction + 0.005841*Age (y) and 
Sitting Height (cm) interaction – 
0.002658*Age (y) and Weight (kg) 
interaction + 0.07693*Weight (kg) 
by Height (cm) ratio.
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Dietary Assessment

Total energy, dairy calcium, and 
non-dairy calcium intakes were 
assessed at baseline, year one, 
year two, and year three using the 
validated semi-quantitative Harvard 
Youth/Adolescent Food Frequency 
Questionnaire (YAQ).19 Participants 
completed the YAQ with assistance 
from trained technicians or a parent/
guardian. YAQs were evaluated 
for completeness and coded by 
trained staff following the standard 
protocol.20 YAQs were subsequently 
sent to Channing Laboratories 
(Boston, MA) for nutrient analysis. 

Physical Activity

The validated past year physical 
activity questionnaire (PYPAQ) was 
used to assess physical activity at 
baseline, year one, year two, and year 
three.21 The PYPAQ was modified to 
assess engagement in 41 common 
sport and leisure-time activities 
performed by youth (≥10 times) in 
the past year apart from physical 
education class.22 Participants 
were asked to record the average 
duration, average weekly frequency, 
and the number of months of 
participation for each activity.22 Total 
PYPAQ score was computed using a 
modified algorithm which has been 
reported elsewhere.22 

Anthropometry

Anthropometric measures were 
obtained following standard 
protocols as described in the 
Anthropometric Standardization 
Reference Manual.22 Standing and 
sitting height (measured to the 
nearest 0.1 cm) were assessed at full 
inhalation using a stadiometer (Shorr 
Height Measuring Board, Olney, 

MD). Body mass was measured to 
the nearest 0.1 kg with a calibrated 
digital scale (Seca, Model 881; 
Hamburg, Germany) and body mass 
index (kg/m2) was calculated from 
height and weight. 

Body Composition

Dual energy x-ray absorptiometry 
(DXA) was used to quantify total 
body fat, percent body fat (ratio of 
fat mass to whole body mass), and 
android percent fat using the GE 
Lunar PRODIGY (software version 
5.60.003). The android region was 
delineated using the regions of 
interest (ROIs) described in the 
manufacturer’s manual. Android 
percent fat was calculated from the 
following equation:
[(Android fat mass) / (Android BMC 
+ Android fat mass + Android lean 
mass)] x 100

Participants were positioned 
for whole body scans following 
standard manufacturer protocols. 
The densitometer (GE Lunar 
Radiation Corp; Madison, WI,USA) 
was calibrated and quality assurance 
was performed daily. All scans 
were completed and analyzed by 
a certified technician following 
standard protocol using the 
extended research mode software. 

Peripheral quantitative computed 
tomography (pQCT), a low-dose 
radiation technique, was used to 
measure thigh and leg soft tissue 
composition, including muscle 
density (mg/cm3), at the 20% femur 
and 66% tibia sites relative to the 
respective distal growth plates of 
the non-dominant limb. Scans were 
performed using a Stratec XCT 3000 
scanner (Stratec Medical GmbH, 
Pforzheim, Germany, Division of 

Orthometrix; White Plains, NY, USA) 
and analyzed using Stratec software, 
Version 5.50. All pQCT scans and scan 
analyses were performed by trained 
technicians using the guidelines of 
Bone Diagnostics, Inc. (Fort Atkinson, 
WI, USA). Adipose tissue, skeletal 
muscle, and bone are distinguishable 
as independent tissues based on 
attenuation characteristics, which are 
directly related to tissue composition 
and density, and are estimated 
using edge detection and threshold 
techniques.24, 25 Images were filtered 
prior to being analyzed using 
contour mode 3 (-101 mg/cm3) and 
peel mode 2 (40 mg/cm3) to separate 
adipose (<40 mg/cm3) and muscle/
bone (-40 mg/cm3), respectively.25 
Images were filtered subsequently 
with a 7x7 image filter that clearly 
defined the edge of the muscle and 
eliminated all bone above 120 mg/
cm3.26 This method ensures that 
muscle density was estimated from 
only soft tissue within the edge of 
the muscle. This technique is not 
capable of distinguishing intra-
myocellular from extra-myocellular 
fat, and therefore cannot directly 
measure fat infiltration in skeletal 
muscle. Thus, as a surrogate for fat 
infiltration, muscle density reflects 
both intra- and extra-myocellular 
fat stores and is inversely related to 
muscle fat content such that a lower 
muscle density is indicative of higher 
skeletal muscle fat content.27 

Statistical analysis

Data were analyzed using SPSS for 
Windows statistical software, Version 
19.0 (Chicago, IL, USA). Twenty-one 
individuals were missing one mean 
value at either 1-year or 2-year 
for one or more of the following 
variables: PYPAQ, dairy calcium, 
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non-dairy calcium, and total energy. 
The missing mean was calculated by 
imputing the average of the other 
3 time points. Repeated measures 
ANOVA analyses and bonferroni post 
hoc tests were used to check for 
significant differences between all 
four time points (baseline, year one, 
year two, and year three) of PYPAQ, 
total energy, dairy calcium, and non-
dairy calcium before and after the 
averages for the missing time points 
were imputed.

Means, standard deviations, and 
ranges were calculated. Dietary 
variables included: total energy, total 
calcium, total dairy calcium, and total 
non-dairy calcium. The distributions 
of dairy calcium, non-dairy calcium, 
thigh muscle density, and BMI were 
skewed and were therefore square 
root transformed. Partial correlation 
coefficients from multiple linear 
regression analyses were computed 
in a cross-sectional manner at 
baseline to examine the association 
of dairy and non-dairy calcium, to 
body composition (BMI, % total 
body fat, % android fat, thigh muscle 
density, and calf muscle density) 
after controlling for important 
confounders, which maintained a 
parsimonious model (i.e. ethnicity, 
maturity offset, PYPAQ, and total 
energy).

Longitudinal analyses examined the 
association of dairy and non-dairy 
calcium, to the change (year three 
minus baseline) in body composition 
(Δ BMI, Δ % total body fat, Δ % 
android fat, Δ thigh muscle density, 
and Δ calf muscle density). Repeated 
measures ANOVA and bonferroni 
post hoc tests were used to check 
for significant differences between 
all four time points of the following 
independent and controlled 

variables: PYPAQ, total energy, dairy 
calcium, and non-dairy calcium. 
Repeated measures ANOVA and 
bonferroni post hoc tests showed 
that values of both dairy and non-
dairy calcium were significantly 
different in which the difference 
was small over time. As a result, in 
order to capture a more accurate 
view of dietary intake over time 
and to maintain parsimony of the 
model; average values of dairy and 
non-dairy calcium, PYPAQ, and total 
energy were used in the subsequent 
analyses. Average values of dairy, 
non-dairy calcium, total energy, and 
PYPAQ were then computed using 
all four time points. Change variables 
were computed for BMI, total body 
fat percentage, calf muscle density, 
thigh muscle density, and android 
percent fat. Partial correlation 
coefficients were computed from 
multiple linear 
regression models 
between change 
variables and 
average dairy 
and non-dairy 
calcium in order 
to evaluate 
relationships 
between dietary 
variables and 
changes in whole 
body and regional 
adiposity after 
controlling for 
baseline body 
composition 
variables (i.e. BMI, 
% total body fat, 
% android fat, 
thigh muscle 
density, and calf 
muscle density), 
average PYPAQ, 
average total 

energy, baseline maturity offset, 
and ethnicity. All assumptions 
of the multiple linear regression 
analysis were assessed. A p value of 
≤ 0.05 was considered statistically 
significant.

Results

Baseline and three-year follow-up 
descriptive statistics are shown in 
Table 1. Participant average age at 
baseline was approximately 11 years 
(range of 8 -12 years). On average, 
at baseline the girls were one year 
from achieving peak height velocity 
(PHV) with a range of three years 
before PHV to one year after PHV. 
As defined by U.S. National Center 
for Health Statistics/Centers for 
Disease Control and Prevention 
percentiles for body mass index 
(BMI, kg/m2),17 two percent of the 
sample was underweight (BMI<5th 

Table 1: Descriptive Statistics at Baseline and Follow-up (n=165)

   Baseline 3-year Follow-Up

   Mean ± SD Mean ± SD

Age (y) 10.6 ± 1.0 13.7 ± 1.2

Maturational Status    
 Maturity Offset (y)* -1.2± 1.0  1.6 ± 0.9 

Body Composition    
 BMI (kg/m2) 18.1 ± 2.9 20.7 ± 3.5 
  PYPAQ Score** 5490 ± 4438 6290 ± 5956
 Total Body Fat (%) 26.7 ± 8.5 29.8 ± 7.9
 Android Fat (%) 28.4 ± 11.8 32.5 ± 10.4
 Thigh Muscle Density (mg/cm3) 76.4 ± 1.6 78.3 ± 1.4
 Calf Muscle Density (mg/cm3) 79.1 ± 1.2 81.1 ± 1.1

Dietary Intake    
 Total Energy Intake (kcals/ day) 1613 ± 493 1650 ± 566
 Total Calcium (mg/day) 1003 ± 413 969 ± 452
 Dairy Calcium (mg/day) 728 ± 380 650 ± 390
 Non-Dairy Calcium (mg/day) 278 ± 111 319 ± 191

*Maturity Offset = estimated years from peak height velocity (PHV)
**PYPAQ= past year physical activity questionnaire



  BMI Total Body  Android Thigh Muscle Calf Muscle
  Fat Percentage  Percent Fat Density Density
 (m/kg2) (%) (%) (mg/cm3) (mg/cm3)

Baseline Dairy  
Calcium (mg/day) -0.13 -0.09 -0.13* 0.12 0.14*

Baseline Non-Dairy  
Calcium (mg/day) -0.03 -0.02 0.02 -0.09 -0.11
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percentile), 79% of the sample was 
in the healthy weight range (BMI 
5th to 85th percentile), 13% of the 
sample was overweight (BMI 85th 
to 95th percentile), and six percent 
of the sample was obese (BMI>95th 
percentile). 

The baseline average energy intake 
of this sample was 1613 kcals, below 
the NHANES 2007-200828 national 
average of 1824 kcals, and lower 
than the recommended range of 
1800-2000 kcals for girls of this age. 
Seventy-six percent did not meet the 
recommended 1300 mg/d RDA value 
of calcium for adolescent girls29, 30 
but that was similar to the national 
average (NHANES 2003-2006, 988 
mg/d).The majority of the calcium 
consumed was derived from dairy 
products (728 mg/day).

Cross-sectional analyses with 
baseline data showed that dairy 
calcium was inversely correlated 
and approaching significance with 
android percent fat (r = -0.13, p= 
0.09), and positively associated with 
calf muscle density, approaching 
significance after controlling for 
ethnicity, maturation, PYPAQ, and 
total energy (r = 0.14, p = 0.07) 
[Table 2].

The results of the longitudinal 
analyses examining the relationship 
between average dairy and non-
dairy calcium with changes in 
adiposity after three years are shown 
in Table 3. Average dairy calcium 
showed no significant correlations 
with either whole body or regional 
changes in adiposity. There was a 
significant correlation observed 
between average non-dairy calcium 
and increases in thigh muscle 
density after three years (r = 0.18, 
p=0.02) and calf muscle density (r = 
0.17, p=0.03). 

Discussion

This study examined cross-sectional 
and longitudinal relationships 
of dairy and non-dairy calcium 
with adiposity measured by pQCT 
and DXA in adolescent girls. The 
findings suggest that dairy and 
non-dairy sources of calcium may 
modulate total body, skeletal 
muscle, and abdominal fat as early 
as adolescence, independent of 
physical activity, energy intake, 
maturation, and ethnicity. The 
outcomes suggest that various 
dietary sources of calcium may affect 
regional body fat independently of 
total body fat. To our knowledge, 
this is the first study to examine the 
relationship between dairy and non-
dairy calcium with skeletal muscle fat 
content.
 
Our cross-sectional analysis revealed 
that higher intakes of dairy calcium 
are associated with lower android 
percent fat and higher skeletal calf 
muscle density, indicative of lower 
skeletal fat. Similarly, a study of 315 
adolescent girls concluded that 
higher intake of dairy calcium was 

Table 2: Partial Correlations from Multiple Linear Regression Analysis with Baseline Data

* approaching sig. at p≤0.10
Controlled for ethnicity, PYPAQ, maturity offset, and total energy. 

  ΔBMI   Δ Total Body Fat  Δ Android Δ Thigh Δ Calf 
 (m/kg2) Percentage Percent Fat Muscle Density Muscle Density 
   (%)   (%) (mg/cm3) (mg/cm3)

Average Dairy
 Calcium (mg/day) 0.10 0.12 0.08 0.07  0.09

Average Non-Dairy 
Calcium (mg/day) -0.02 0.03 0.01 0.18** 0.17**

Table 3: Partial Correlations from Multiple Linear Regression Analysis: Average Dairy and 
Non-dairy Calcium intakes predicting the change in Adiposity after 3 years

**sig. at p≤0.05      
Averages computed from baseline, 1 year, 2 year, and 3 year measurements.
Controlled for baseline body composition variables, ethnicity, average PYPAQ, baseline maturity 
offset, and average total energy.
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associated with lower adiposity while 
non-dairy calcium intake showed no 
association with adiposity.31 Previous 
cross-sectional studies have reported 
positive associations of calcium, milk, 
and dairy intake with lower BMI, 
body weight, and body fat.31-33 Other 
studies have failed to demonstrate 
an association between calcium, 
milk, or other dairy products on BMI 
or adiposity in adolescent girls.34-37 

Our longitudinal analyses, although 
not statistically significant, showed 
that higher average intakes of 
dairy and non-dairy calcium were 
associated with an increase in total 
body, and android percent fat over 
three years. Higher dairy calcium 
intakes also showed higher changes 
in BMI, although not significant. 
Similar results were observed in 
the longitudinal Growing-Up Today 
Study, in which those who drank 
≥3 servings of milk a day compared 
to those who drank 1-2 servings 
had significantly higher BMIs 
from year to year in a sample of 
12,829 adolescents.38 However, the 
association no longer existed after 
adjusting for total energy. Although 
not statistically significant, higher 
intakes of dairy calcium predicted 
lower change in skeletal muscle fat. 
Similarly, higher intakes of non-dairy 
calcium significantly predicted lower 
change in thigh and calf muscle fat. 
With regards to longitudinal analyses 
in this field, it is apparent that no 
clear relationship between dairy and 
non-dairy calcium and adiposity 
in youth has been established. 
For example, studies examining 
higher intakes of calcium or dairy 
products in children and adolescents 
have either concluded a neutral 
relationship with adiposity39-45 or 
decreased body fat.46, 47

This study has several limitations. 
Similar to the girls in this sample 
(76%), adolescents do not meet the 
RDA for dietary calcium on average. 
As such, it is difficult to determine 
a clear relationship between these 
recommended values and their 
effect on adiposity. Secondly, dietary 
data was collected through the use 
of a past year semi-quantitative 
food frequency questionnaire (FFQ). 
While the YAQ has been validated 
previously in youth,19 reporting bias 
is a major concern with FFQs and 
must be acknowledged. Another 
limitation of this study was a small 
sample size. Finally, we acknowledge 
that the pQCT technology is not 
capable of distinguishing between 
intra- and extra-myocellular fat 
compartments and DXA is not 
capable of distinguishing visceral 
from subcutaneous adiposity. It is 
possible that more precise measures 
of adiposity, such as CT scans or MRI, 
would have revealed more accurate 
and stronger relationships with 
dietary factors. However, as a faster, 
less expensive, low-dose radiation 
technique, the use of pQCT in cohort 
studies is more feasible. 

Since this is the first study to 
examine the relationship between 
dairy and non-dairy calcium 
with skeletal muscle fat content, 
additional studies are needed in 
order to confirm these findings. The 
longitudinal results did not support 
the cross-sectional associations. It is 
unclear as to why dairy and non-dairy 
sources of calcium have opposing 
effects on adiposity. Further research 
is needed in order to identify 
possible mechanisms associated 
with different sources of dietary 
calcium and adiposity, specifically to 
elucidate the mechanisms related to 
skeletal muscle fat infiltration.
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