Original Research

Twelve Week Calcium Collagen Chelate or Calcium plus Vitamin D
Supplementation Does Not Affect Bone Metabolism in Training Cyclist
Beau Kjerulf Greer1, Christopher Mojock2, Bahram J. Arjmandi3,4, Jeong-Su Kim3,4,5,6, Michael J. Ormsbee3,5,7,
and Lynn Panton2,6.
1
2
3
4
5
6
7

Department of Physical Therapy and Human Movement Science, Sacred Heart University, Fairfield CT, USA. E-mail@email.com
Department of Kinesiology, University of Georgia, Athens GA, USA.
Department of Nutrition, Food and Exercise Sciences, Florida State University, Tallahassee FL, USA.
Center for Advancing Exercise and Nutrition Research on Aging, Florida State University, Tallahassee FL, USA.
Institute of Sports Science and Medicine, Florida State University, Tallahassee FL, USA.
Institute of Successful Longevity, Department of Nutrition, Food and Exercise Sciences, Florida State University, Tallahassee FL,
USA.
Discipline of Biokinetics, Exercise and Leisure Sciences, School of Health Sciences, University of KwaZulu-Natal, Durban 4000,
South Africa.

•

Correspondence: (BKG) greerb@sacredheart.edu

Received: 14 July 2020; Accepted: 9 May 2022; Published: 30 June 2022

Abstract: The purpose of the present study was to determine whether 12 weeks of calcium collagen chelate
(CCC) supplementation during habitual training would affect body composition, bone mineral density
(BMD), and biomarkers of bone metabolism in competitive cyclists. Twenty trained (maximal aerobic
capacity > 50 mL/kg/min, mean training volume: 28 h/wk) male cyclists performed maximal exercise testing
and 40-km time trials (TT) on an electronically braked cycle ergometer. BMD of the whole body, lumbar
spine (L1-L4), and both hips were measured via dual-energy X-ray absorptiometry (DXA). The cyclists
were assigned to one of two groups: 1) 6 g/d of CCC with 600 mg calcium and 400 IU vitamin D or 2) a
control treatment (CON) composed of an inert compound with equivalent calcium and vitamin D
concentrations to CCC. Two-way repeated measures ANOVA and Pearson product-moment correlations
were used to determine the effects of CCC or CON supplementation on BMD, bone alkaline phosphatase
(BAP), tartrate resistant acid phosphatase 5b (TRAP5b), and sclerostin (SCL); significance was accepted at
p < 0.05. No within- or between-group differences in dependent variables were found. Significant
correlations were found between weekly training volume and TRAP5b (r = 0.531), BAP and VO 2 max (r = 0.561), and BAP/TRAP5b ratio and both right/left hip BMD (r = -0.649 and r = -0.646, respectively). In
conclusion, 12 weeks supplementation of CCC does not affect body composition, BMD, or biomarkers of
bone metabolism in trained, competitive cyclists in comparison to equivalent amounts of calcium plus
vitamin D.
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1. Introduction
Exercise affects the skeleton through
the increased strain placed on bone during
physical activity. Athletes participating in
sports with the highest strain intensities (e.g.,
gymnastics, weight lifting) have significantly
higher bone mineral density (BMD) at the
loaded sites (Hind, Gannon, Whatley, Cooke,
& Truscott, 2012; Morel, Combe, Francisco, &
Bernard, 2001; Nikander, Sievanen, UusiRasi, Heinonen, & Kannus, 2006) than
athletes participating in non-weight bearing
sports. Likewise, the osteogenic stimulus is
attenuated when ground-reaction forces are
reduced; this effect has been shown in the
lower body of swimmers and has the
potential to be even more detrimental in
cyclists, who may spend more time than
swimmers training with no or low impact
movements (Hind et al., 2012; Morel et al.,
2001; Nikander et al., 2006). Similarly,
significant differences (p = 0.04) were
observed when BMD was compared in a
group of age, weight and training volume
matched weight-bearing athletes (whole
body BMD 1.26 ± 0.03 g/cm2) to that of nonweight-bearing athletes (low groundreaction forces; whole body BMD 1.20 ± 0.01
g/cm2) (Rector, Rogers, Ruebel, & Hinton,
2008).
Dietary supplements such as calcium and/or
hydrolyzed collagen have been proposed as
strategies for improving bone health due to
their predominance in bone tissue (Barry et
al., 2011; Cuneo, Costa-Paiva, Pinto-Neto,
Morais, & Amaya-Farfan, 2010; Guillemant,
Accarie, Peres, & Guillemant, 2004), but
intervention strategies have yielded mixed
results on BMD and biomarkers of bone
turnover. In a study of trained, adult male
road
cyclists
and
triathletes,
supplementation of a 1000 mg/L calcium
citrate malate drink consumed 20 minutes
prior to exercise significantly attenuated the
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increase in parathyroid hormone following a
35-km time trial (TT) (Barry et al., 2011).
Although bone-specific alkaline phosphatase
(BAP) and C-terminal telopeptide of Type I
collagen (CTX) levels immediately postexercise were not affected by calcium
supplementation, it should be noted that
mean 25-hydroxyvitamin D concentrations
were relatively low (32.7 ± 9.2 ng/mL) with
nine of the 20 subjects classified as
insufficient (< 30 ng/mL). Compromised
vitamin D status may have contributed to
reduced absorption of the calcium, limiting
the potential benefits of supplementation.
The timing of immediate, post-exercise blood
draws may have also contributed to the lack
of
measured
response
to
the
supplementation; alternate investigators
found significant increases in CTX levels that
were not evident until 30 minutes to two
hours post-exercise following ingestion of
high calcium (486 mg/h) mineral water
during a 60-minute cycling bout (Guillemant
et al., 2004).
Supplementation of collagen has been shown
to increase BMD, particularly in trabecular
bone, as well as positively influencing
biomarkers of bone turnover (Guillerminet et
al., 2010). Ovariectomized rats, a model of
post-menopausal
osteoporosis,
had
significant increases in whole body BMD,
cortical area, and increases in femur strength
following 12 weeks of hydrolyzed collagen
supplementation (Guillerminet et al., 2010).
Likewise, six months of hydrolyzed collagen
supplementation (10 g/d) and calcitonin (100
U twice per week) provided significantly
greater reductions in bone resorption
markers as compared to calcitonin alone
(Adam, Spacek, Hulejova, Galianova, &
Blahos, 1996) in post-menopausal women.
However, collagen hydrolysates (10 g/day)
taken over 24 weeks had no effect on bone
metabolism in post-menopausal women,
although most subjects were not ingesting
adequate dietary calcium (Cuneo et al., 2010).
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The purpose of the present investigation was
to identify if supplementation with calcium
collagen chelate (CCC) during a 12-week
training period would influence body
composition (i.e., BMD, lean mass) and
biomarkers of bone turnover in trained
cyclists. It was hypothesized that CCC
supplementation would positively influence
both BMD and all blood biomarkers. This
project is novel in that CCC is a relatively
new dietary formulation that has never, to
our knowledge, been tested in an athletic
population, but has been shown to attenuate
bone loss in postmenopausal women (Elam
et al., 2015). Additionally, the present study
addresses
limitations
in
previous
supplementation studies by combining a
CCC
intervention
with
vitamin
D
supplementation, potentially improving
vitamin D status which has been shown to
aid with bone remodeling in men
(Viljakainen et al., 2009).
2. Materials and Methods
Subjects — Sample size estimation was
determined a priori as a function of the
significance criterion (α), the statistical
power and effect size (ES). For this
experiment, an effect size of 0.72 was
calculated based on Barry and Kohrt (Barry
& Kohrt, 2008) who examined changes in
total hip BMD over a four and a half month
period during a competitive season in trained
cyclists. Statistical significance was set at α =
0.05, ES = 0.72, and a statistical power of 0.80,
which yielded a minimum of 10 subjects per
group. Twenty-nine healthy male cyclists
were initially invited to the laboratory, as it
was assumed several would not meet the
inclusion conditions imposed to qualify as
“trained,” defined as engaging in a minimum
of three hours of cycling training per week.
Subjects were required to have a normal
body mass index (BMI: 18.5-24.9 kg/m2), be
free of signs of symptoms suggestive of
cardiovascular, pulmonary, or metabolic
disease, meet the minimum volume
requirement for being “trained,” and have a
VO2 max of > 50.0 mL/kg/min (assessed
during the first laboratory visit). Subjects
training more than two days per week in any
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non-cycling activity within the past six
months were excluded. Additionally, those
who smoke cigarettes or used any
prescription medications known to affect
bone metabolism (e.g., statins) were
excluded.
All methodologies were approved by the
Florida State University Institutional Review
Board (HSC No. 2013.9887), and all subjects
provided informed consent.
Design — This study utilized a single
blinded,
repeated
measures,
parallel
experimental design during a normal 12
week training period for competitive cyclists.
The independent variable for all comparisons
was dietary supplement assignment (CCC
with vitamin D or a calcium+vitamin D
supplement). The primary dependent
variables were bone density scores and
markers of bone turnover. The decision to
use a control treatment (calcium+vitamin D
alone) instead of a biologically inert placebo
is justified as it decreased the chance of
nutritional inadequacy as a confounding
variable.
Methodology: Baseline Measures — Subjects
reported to the laboratory after a three hour
fast and with > 24 hours since their last
strenuous bout of physical activity. After
potential subjects had been screened via
telephone calls to ensure eligibility, subjects
were required to keep a three-day dietary log
including all foods and serving sizes for use
prior to the initial laboratory visit.
After resting heart rate (HR) and blood
pressure (BP) measurements were made in
duplicate with their means recorded for data
analysis,
blood
was
sampled
via
venipuncture from the antecubital space of
the forearm, gently mixed and allowed to
clot, centrifuged at 3500 rpm for 15 minutes
to isolate serum, divided into aliquot samples
and stored at -80°C for later analysis of BAP,
Tartrate-resistant acid phosphatase 5b
(TRAP5b), and sclerostin (SCL). BAP is an
indicator of bone formation (van Straalen,
Sanders, Prummel, & Sanders, 1991) while
TRAP5b is a maker of bone resorption
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(Halleen et al., 2000), and the BAP/TRAP5b
ratio provides an overall index of the bone
formation/resorption ratio. SCL is a regulator
of bone formation, providing a marker for
mature osteocyte concentration (Hay,
Bouaziz, Funck-Brentano, & Cohen-Solal,
2016). All assays were performed in duplicate
using enzyme linked immunosorbent assays
(ELISA) according to the manufacturer’s
instructions (MicroVue TRAP5b EIA Kit
8033; Sclerostin High Sensitivity EIA Kit
TE1023HS; BioTek Instruments, USA).
Height and body weight were measured
using a stadiometer and digital scale (SECA,
Birmingham, United Kingdom), respectively.
Body composition was evaluated by dual
energy X-ray absorptiometry (DXA; Hologic
Discovery W, Bedford, MA). Total body, hip
and lumbar BMD scans were performed.
Before testing, subjects were asked to change
into clothing that was free of metal and/or
hard plastic (e.g., buttons, zippers, snaps, etc.)
and asked to remove all metal from the body
(e.g., jewelry, eyeglasses, hair accessories,
etc.). The following scans were performed on
each subject: 1) anteroposterior (AP) view of
the total body with the subject lying supine;
2) AP view of the lumbar (L1-L4) spine with
the subject lying supine with hips and knees
supported at a 90º angle; and 3) AP view of
the right and left femoral neck with the
subject lying supine with thigh internally
rotated. Testing was completed according to
the
manufacturer’s
instructions
and
specifications by a certified X-ray technician.
Evidence demonstrates that 12 week
intervals are sufficient to observe significant
changes in BMD in comparable populations
(Barry & Kohrt, 2008).
Following
the
anthropometric
measurements, subjects performed an
incremental exercise test on an electronically
braked cycle ergometer (RacerMate; Velotron
Dynafit Pro, Seattle, WA). Subjects began
exercising at 50 W with resistance increasing
by 50 W every two minutes up to 150 W.
Thereafter, resistance increased by 25 W
every minute until volitional fatigue. The
criterion for achievement of VO2 max was
fulfilled by reaching at least three of the
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following: 1) a plateau in oxygen
consumption for an increase in exercise
intensity (< 2.0 mL/kg/min increase), 2)
respiratory exchange ratio = 1.05), 3) heart
rate = 85% of an age predicted maximum (as
determined by 220-subject’s age), 4)
voluntary cessation of the test by the subject
and 5) a rating of perceived exertion (RPE) >
18 on the Borg Scale (Chen, Fan, & Moe,
2002).
Expired gasses were measured
continuously using a TrueMax 2400
metabolic cart (ParvoMedics, Sandy, UT).
Following 15 minutes of recovery post-VO2
max testing, those (N=20) with VO2 max
capacity > 50.0 mL/kg/min performed a 40
km TT. The sole purpose of including a pre
and post-intervention TT was to provide
greater objective evidence (in contrast to selfreported training logs) that subjects
maintained sufficient training volume during
the 12-week study; since identical procedures
were followed during pre and post-testing,
potential fatigue from the VO2 max test was
not considered to be a confounding variable
on the results. During the TT, a computer
display provided subjects with gearing,
current and average speed, cadence, grade
and
distance.
For
purposes
of
standardization, no outside encouragement
was offered during any aerobic testing and
subjects were not allowed to listen to music.
A familiarization trial was not utilized due to
the high levels of cycling experience and
because TT data were not used as a primary
outcome measure. Blood samples were again
taken immediately post-exercise.
Methodology: Treatment Assignment — In
an effort to maintain homogeneous groups,
trained subjects were ultimately stratified
based on age, body mass, and BMD
measurements.
Subjects
were
either
provided 6 g/d of CCC (containing 600 mg
calcium carbonate and 400 IU vitamin D3
(1,25-dihydroxyvitamin D3) (N=10) (KoACT,
AIDP, Inc., City of Industry, CA) or an inert
compound of maltodextrin with equivalent
calcium and vitamin D concentrations (CON;
N=10). A FDA-regulated pill maker was
utilized to make all pills, which ensured
identical appearance between treatments.
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The collagen utilized was a type I collagen
hydrolysate formed via biosynthesis, and has
been shown to favorably affect markers of
bone metabolism (Elam et al., 2015). A 6 g/d
dosage and 12 week intervention duration
were chosen based off of previous work in
post-menopausal women with comparable
BMD to the current study population who
experienced favorable bone effects with 5 g/d
over 10 weeks (Hooshmand et al., 2013).
The decision to use a control treatment
(calcium+vitamin D alone) instead of a true
(inert) placebo is justified since all primary
dependent variables are unaffected by
conscious control or subconscious bias.
Subjects in both groups consumed their
respective supplements twice daily (four
pills in the morning and four pills in the
evening) for the next 12 weeks. They
returned empty supplement containers and
training/compliance logs every two weeks, at
which time they were given supplements for
the next two weeks.
Methodology: Compliance and Post-testing
—Training and supplementation compliance
logs were checked every 4 weeks; any subject
that fell below six hours per week of training
for two consecutive weeks or a total of four
weeks during the intervention period was
removed from the study. Likewise, any
subject that dropped below 80% compliance
with their respective supplement was
removed from the study.
Following 12 weeks of supplementation,
subjects reported to the laboratory following
identical preparation procedures to the initial
testing session. Subjects were asked to
replicate their initial three-day dietary log
during the final three days of the
intervention, and repeat all measurements
and exercise testing performed during the
initial laboratory visit.
Statistical Analysis — Descriptive statistics
(means ± SD) were performed on
demographic, anthropometric, and serum
biomarker variables.
A (one-way analysis of variance) ANOVA
was used to compare baseline variables
between the CON and CCC groups. Effects of
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the supplementation protocol on BMD
(whole body, total hip, lumbar spine), BAP,
TRAP5b, and SCL were evaluated by a twoway repeated measures ANOVA (group x
time). A Tukey post hoc test was used to
compare group values when significance was
found, and Pearson product-moment
correlations were applied during a secondary
analysis (ranges were determined as 0.0-0.3 =
weak, 0.3-0.7 = moderate, 0.7-1.0 = strong).
Significance was accepted at p < 0.05, and all
statistical analysis were performed using
SPSS version 19 (IBM, Armonk NY).
3. Results
Thirty-nine healthy, non-smoking
men, currently riding at least three hours per
week, volunteered to participate in this
study. Email and telephone screening were
used to identify twenty-nine subjects eligible
for participation. Following initial screening
and VO2 max testing, twenty subjects had
qualified as trained (VO2 max > 50.0
mL/kg/min). Two subjects were later
removed from the study due to failure to
maintain training volume and supplement
compliance. The remaining 18 subjects (CCC
N=9; CON N=9) completed the entire
protocol with 100% compliance and were
included in all analyses. See Table 1 for the
descriptive characteristics of the trained
cyclists who completed the entire study
protocol, as well as Figure 1 which outlines
the subject selection and rejection process;
there were no significant baseline differences
(p > 0.05) between groups for any analysed
variable.
No between-group significant differences
were expected for VO2 max or TT data, as the
tests were used solely to qualify the subjects
as “trained” and to ensure sustained training
volume during the intervention. As
hypothesized, no between-group effects
were observed; however, multiple significant
(p < 0.05) time effects occurred in both
groups. Performance testing outcomes can be
seen in Table 2.
No within or between group differences for
whole body BMD or at the individually
measured sites were found. Pre- and postintervention BMD data are presented in
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Table 3. Significant (p < 0.05), positive
Pearson moment correlations were found
when VO2 max power (maximum power
achieved during the maximal graded exercise
test) and whole body BMD were compared (r
= 0.549). Moderate, positive correlations also
were found between VO2 max and right and
left hip BMD (r = 0.495 and r = 0.522,
respectively). VO2 max power to weight ratio
was moderately correlated to lumbar, right
and left hip BMD (r = 0.47, r = 0.528 and r =
0.521, respectively).
Biomarkers of bone metabolism results are
presented in Table 4. No significant within or
between trial effects on BMD were identified
in either group. Significant (p < 0.05),
moderate correlations were found between
age and TRAP5b as well as BAP/TRAP5b
ratio (r = -0.664 and r = 0.589, respectively).
Training years and training hours were also
moderately correlated with TRAP5b (r = 0.546 and r = 0.531, respectively).
Comparison of VO2 max to the biomarkers
revealed a negative correlation between BAP
and BAP/TRAP5b ratio (r = -0.561 and -0.597,
respectively).
In regards to the relationships between
measures of BMD and the biomarkers of
bone metabolism, BAP was significantly (p <
0.05) negatively correlated to right hip BMD
(r = -0.660) and approaching a significant (p =
0.059) negative correlation to left hip BMD (r
=
-0.467).
BAP/TRAP5b
ratio
was
significantly negatively correlated to both
right and left hip BMD (r = -0.649 and r = 0.646, respectively). No other biomarkers
were significantly correlated with BMD at
any site.
4. Discussion
The primary findings of this study
were that no significant changes occurred in
BMD, body composition, or biomarkers of
bone metabolism over the course of 12 weeks
of training (CCC = 10.4 ± 2.3 h/wk; CON =
10.3 ± 2.5 hr/wk), regardless of CCC or
calcium+vitamin D supplementation alone,
in competitively trained cyclists. While 12
weeks is a short duration to observe changes
in BMD, previous research has demonstrated
that significant changes can be seen in
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equivalent durations with a comparable,
albeit slightly smaller, subject pool (Barry &
Kohrt, 2008); this suggests that the present
study was sufficient in duration to observe
significant changes. The use of a noncompromised and therefore more vulnerable
to supplementation population (e.g., older
adults) is a limitation to the present study.
Likewise, very recent evidence indicates that
higher doses of collagen derivatives (~ 15 g)
may be a more effective dose for influencing
collagen synthesis (Lis & Baar, 2019), although
no data exist to our knowledge supporting the
higher dose for bone-specific outcomes.
Nichols et al. (2011) measured BMD in master
cyclists (50.7 ± 4.0 yr) who had trained for 20.4
± 6.7 yr at over 10 hr/wk; they found similar
BMDs to our cyclists at the lumbar (0.937 vs.
0.925 g/cm2, respectively) and hip regions
(0.871 g/cm2 total hip vs. 0.900 right and 0.896
left hip) (Nichols & Rauh, 2011). However, in
our trained subjects, correlations revealed a
strong positive relationship between weekly
training hours and lumbar BMD (r = 0.473),
suggesting more cycling activity was
beneficial to BMD. This is in contrast to the
theory that significant time in a non-weight
bearing position contributes to declines in
BMD, particularly at the lumbar spine (Rector
et al., 2008; Smathers, Bemben, & Bemben,
2009).
In order to get a comprehensive view of bone
turnover, markers associated with the three
cell types found in bone responsible for
resorption and formation activities were
measured in the present study. BAP and
TRAP5b were analysed to measure the
activity of osteoblasts responsible for bone
formation and the osteoclasts responsible for
bone resorption, respectively. SCL was
measured to determine the influence of
osteocytes, the most prominent cell type
found in bone, since they have been shown to
be the most receptive to mechanical
stimulation and to mediate bone turnover
(Zernicke, MacKay, & Lorincz, 2006). While
vitamin D status was not assessed, the 12week training period occurred between
March and June at an approximate latitude of
30 degrees North and therefore vitamin D
concentrations
were
likely
adequate
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considering the supplementation dose. Few
studies have investigated the effects of
cycling on biomarkers of bone metabolism,
and only one of these studies examined
longitudinal changes under regular training
conditions (Barry et al., 2011; Guillaume,
Chappard, & Audran, 2012; Guillemant et al.,
2004; Lombardi et al., 2012; Rector et al.,
2008).
Present results were similar to previous
studies regarding BAP which show no
change in cyclists (Barry et al., 2011;
Guillemant et al., 2004; Lombardi et al., 2012).
Although reference ranges have not been
established in healthy men, comparison of
baseline BAP reveals that our values are
higher than those previously reported but
within the normal range established for
healthy pre-menopausal women of 14.8 to
38.8 U/L (Eastell, Garnero, Audebert, &
Cahall, 2012). When BAP was compared to
measures of BMD, negative relationships
were found at the right hip (r = -0.660) and
left hip T-score (r = -0.491). Although BAP is
often considered a measurement of bone
formation activity, it may also act as a marker
of whole bone turnover (Avbersek-Luznik,
Gmeiner Stopar, & Marc, 2007).
While most biomarkers of bone resorption are
related to the measurement of degraded
byproducts of bone resorption, TRAP5b is the
only measure of osteoclast number and
activity (Civitelli, Armamento-Villareal, &
Napoli, 2009). In a study conducted by
Lombardi et al. (2012), investigators observed
a significant increase in TRAP5b levels over
22 days during a three-week professional
cycling race from approximately 2.5 to > 3.5
U/L. Although similar increases in TRAP5b
were not observed in the present study,
overall values were similar at 2.97 - 3.45 U/L.
These values appear to be slightly higher
than those measured (2.7 ± 0.4 U/L) in
physically active, healthy men of similar age
(Rogers, Dawson, Wang, Thyfault, & Hinton,
2011). Since reference values for TRAP5b do
not exist, it is difficult to determine the
clinical significance of these values.
However, when TRAP5b was compared to
age and training years, negative correlations
were found suggesting that older athletes
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with more years of training had lower levels
of TRAP5b (r = -0.546).
Due to the lack of established reference
values for the biomarkers of bone
metabolism, the relationship between bone
formation and bone resorption in the form of
BAP/TRAP5b ratio was examined. Higher
values for this ratio may represent an
environment that favors formation or may
simply represent higher levels of bone
turnover. When the BAP/TRAP5b ratio was
compared to measures of BMD, the only
relationships found were negative at the
right (r = -0.649) and left (r = -0.646) hips. If
both the resorptive and formative activities
were elevated, higher BAP/TRAP5b ratio
may simply represent increased bone
turnover instead of formation, although
critics state that the ratio is not an appropriate
indices for any interpretation of bone
metabolism.
SCL, released almost exclusively by
osteoclasts, may be the most sensitive bone
marker to changes in mechanical loading
(Atkins & Findlay, 2012). Increased levels of
SCL have been associated with reductions in
osteoblast activity and could result in
reduced BMD. Previous research has linked
high levels of SCL to increased risk of
vertebral fracture (Yamamoto, Yamauchi, &
Sugimoto, 2013). This association is likely
due to the Wnt pathway inhibition resulting
in reduced osteoblast and bone formation
activity (Winkler et al., 2003). Although
baseline SCL levels of 0.44 - 0.45 ng/mL in our
trained cyclists were low when compared to
a study in healthy young men (0.81 ng/mL)
and older adult men (1.79 ng/mL), SCL has
been shown to be elevated in the short-term
and potentially reduced in the long term
during exposure to non-weight bearing
activities (Spatz et al., 2012; Yamamoto et al.,
2013). Due to the lengthy training history and
low BMD of our cyclists, it is possible that
they were producing less SCL due to less
mature bone (Yamamoto et al., 2013).
There are several limitations to the present
study. While significant changes in BMD
have been reported in periods < or = 12 weeks
(Barry & Kohrt, 2008; Izard, Fraser, Negus,
Sale, & Greeves, 2016), one of these
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investigations (Izard et al., 2016) involved
strenuous training of military recruits; it is
possible that a 12 week intervention was too
short to capture changes in DXA scores in our
subject population with non-weight bearing
training. Additionally, physical training
exclusive of cycling and dietary habits were
not analysed during the 12 week period
which may have affected outcomes.
However, subjects were restricted from
training > 2 days per week in any non-cycling
activity. Likewise, while it is assumed that
the latitude, season, and supplementation of
vitamin D ensured adequate protection
against clinically low vitamin D levels,
neither vitamin D nor calcium blood levels
were assessed which may have provided a
more complete profile of bone health.

study. Chronically high levels of bone
turnover would result in less mature bone
being maintained in the skeleton. Future
work investigating structural changes in
bone, as well as long-term fracture incidence
and prevalence rates in trained cyclists,
should be performed to determine whether
or not the reduced BMD experienced by
cyclists places these athletes at greater risk
for fractures.

5. Practical Applications.
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