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Abstract

Summary—Physical exercise benefits bone structure and mineralization, especially in children.
Immediately following high-impact exercise, PTH increased and returned to resting values within
24 h in both groups, while sclerostin increased in men but not in boys. The underlying
mechanisms and implication of this age-related differential response are unclear.

Introduction—Circulating sclerostin, a negative regulator of bone, decreases during puberty and
increases in adulthood. Parathyroid hormone (PTH) is inversely related to sclerostin. In mice,
sclerostin decreases following 24 h of mechanical stimulation. Its response to exercise in humans
and, especially in children, in whom high-impact physical exercise benefits bone structure and
mineralization is unclear. The aim of this study was to investigate the acute response of sclerostin
to a single exercise session of high mechanical loading and the corresponding changes in PTH in
boys and men.

Methods—Twelve boys (10.2+0.4 years old) and 17 young men (22.7+0.8 years old) underwent
a protocol of plyometric exercises (total 144 jumps). Blood samples were collected pre-, 5 min, 1
h, and 24 h post-exercise.

Results—Boys had significantly higher resting values of sclerostin compared with men (150+37
vs. 111+34 pg/ml, respectively, p=0.006). Following exercise, sclerostin markedly increased in
men but this response was attenuated in boys (at 5 min: 51+38 vs. 14+21 %, respectively,
p=0.005). PTH levels were similar in boys and men at rest and throughout the 24-h study period,
increasing significantly (p<0.001) 5 min after exercise, decreasing after 60 min post-exercise and
returning to resting values within 24 h.

Conclusion—Although the PTH response was similar in boys and men, the sclerostin response
was greater in men. The combined increases in PTH and sclerostin immediately post-exercise
appear contrary to the accepted osteogenic effect of exercise. The underlying mechanisms and full
implication of the differential response between children and adults need to be further examined.

B. Falk bfalk@brocku.ca.
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Introduction

Osteocytes are believed to be the mechanosensors in bone tissue [1]. One possible way in
which osteocytes coordinate the osteogenic response to mechanical loading is through
sclerostin, an osteocyte-specific glycoprotein, which negatively regulates bone formation
through inhibition of the Wnt/B-catenin pathway [2]. In mice, deletion of the Sost gene (and
sclerostin expression) results in high bone mineral density [3], while overexpression of Sost
results in low bone mass [4]. In humans, resting levels of sclerostin appear to increase early
in life until puberty, subsequently declining during late puberty and reaching a nadir in
young adulthood [5]. Sclerosteosis and van Buchem disease are both characterized by low
sclerostin levels, which allow for greater bone formation, resulting in high bone mineral
density [6, 7]. Sclerostin is also inversely related to parathyroid hormone (PTH) in cases of
hyper- or hypothyroidism, as well as in healthy elderly men and women [8]. The
relationship between resting PTH and sclerostin levels in healthy children or young adults is
not clear.

In response to mechanical loading, it has been suggested that sclerostin production by
osteocytes is suppressed, thereby increasing the osteogenic effect of the Wnt/B-catenin
pathway and resulting in increased bone formation [9]. Several animal studies have
demonstrated that chronic mechanical stimulation of bone (2 days) results in reduced
osteocyte expression of sclerostin 24 h after loading [1, 9, 10]. Conversely, chronic
unloading increases sclerostin expression [1, 9]. No such data exist in humans, but high
levels of physical activity (walking, running) have been shown to result in reduced resting
sclerostin levels in pre-menopausal women [11]. The relationship between PTH and
sclerostin response to chronic exercise or physical activity in humans has not been
examined.

The acute sclerostin response to exercise is unclear. Information about such response could
be valuable in understanding the mechanism(s) responsible for the effect of mechanical
loading on bone cells. In mice, reduced sclerostin levels and mRNA were reported 24 h
following 2 days of bone loading [1, 10], but the immediate effect was not reported. We
have previously demonstrated that, at rest, bone turnover markers are higher in boys
compared with those in men and that one session of jumping exercise leads to increases in
bone formation markers in both boys and men [12]. Moreover, boys appeared to be more
responsive to the mechanical (jumping) stimuli.

The purpose of this study was to investigate the acute response of sclerostin and PTH to a
single exercise session of high mechanical loading in boys and men. Based on the previous
findings of reduced sclerostin levels 24 h following 2 days of bone loading in mice [1, 10],
we hypothesized a reduction in sclerostin 24 h following exercise in both groups. Based on
current views that late childhood and early adolescence serve as a critical period in terms of
bone accrual and its response to weight-bearing exercise [13], and our previous findings of
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increased bone turnover following exercise in children [12], we hypothesized that the post-
exercise sclerostin decrease would be greater in boys compared with that in men. We also
postulated that the PTH response would be inversely related to sclerostin.

Twelve boys (10.2+0.4 years) and 17 men (22.7+0.8 years) participated in the study.
Exclusion criteria included the following: (1) obesity (body fat percentage =30 %), (2)
previous or current fracture, (3) premature growth or growth delay, and (4) use of drugs
known to affect bone. Note that some of the participants took part in another study and have
been previously described [12] (secondary analysis).

The study and all related procedures were cleared by the University Research Ethics Board.
Prior to testing, an informed consent and an assent form were signed by the participant and
the parent/guardian. Participants were instructed to refrain from alcohol and caffeine use, as
well as from vigorous or impact exercise for a minimum of 24 h prior to testing. In order to
control for potential circadian rhythm variation, all testing took place in the morning (9
a.m.), about 60-90 min after a light breakfast. Participants completed a questionnaire
package which included medical information, maturity, physical activity, and dietary intake.
A resting blood sample was drawn pre-exercise (see details below), 5 min and 1 h post-
exercise, as well as 24 h post-exercise. Anthropometric measures included height, body
mass, and body composition.

Exercise protocol

The exercise protocol was modified from the one used by MacKelvie et al. [14] in long-term
school-based interventions designed to increase bone accrual and was previously described
[12]. Briefly, participants performed an exercise circuit, which consisted of six jump stations
for a total of 144 jumps (three sets of eight repetitions, with 3 min recovery between sets). In
an attempt to provide a similar impact loading in the two groups, drop jumps and hurdle
heights were adjusted to participants’ height (drop jumps: 75 cm for men and 40 cm for
boys; hurdle jumps: 40 cm for men and 15 cm for boys). Landing impact was assumed to be
related to body mass. Participants were asked to jump to their highest potential for each
jump and were familiarized with each of the exercises before performing the full circuit.
Heart rate during the exercise was >80 % of the age-predicted maximum heart rates in both
groups (men, 172+1 bpm; boys, 178+1 bpm). Mean vertical acceleration values were
measured using accelerometry and were found to be within the vigorous exercise intensity
zone for both groups.

Baseline measurements

Height (Ellard Instruments, Monroe, WA, USA) and mass (InBody 520 system Biospace
2008) were measured while participants wore light clothing and no shoes. Body fat
percentage was assessed using skinfold thickness measurements, using a Harpenden caliper,
and the Slaughter et al. [15] equations. Sexual maturity was self-assessed by boys using
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drawings of secondary sexual characteristics (pubic hair), as defined by Tanner [16].
Somatic maturity was determined by calculating the years from the estimated age of peak
height velocity (PHV), using the equation suggested by Mirwald et al. [17]. Current and
past-year physical activity were assessed using the Godin-Shephard leisure time exercise
questionnaire [18] and the past year physical activity questionnaire (PYPAQ) [19]. Dietary
intake was evaluated over 24 h, using the 24-h nutrition recall questionnaire and analyzed
using Nutritionist Pro™ (Axxya Systems, USA).

Biochemical analysis

Resting venous blood samples were drawn using serum tubes (BD Vacutainer®) pre-
exercise (9:00-9:30 a.m.), 5 min and 1 h post-exercise, as well as 24 h post-exercise from a
vein in the antecubital fossa. The serum was separated and aliquoted within 1 h post-blood
draw into 0.5-ml polyethylene tubes which were then stored at —80 °C until analysis.

Serum PTH was determined using a commercial ELISA assay (ALPCO, cat# 21-IPTHU-
E01), with a detection range from 7 to 700 pg/ml and a sensitivity of 1.57 pg/ml. This assay
determines intact PTH 1-84, which is the biologically active form of the hormone. PTH
intra-assay coefficient of variation (CV) ranged from 3.1 to 5.4 with an average of 3.5;
whereas inter-assay CV ranged from 1 to 7.6 % (3.3 average). Serum sclerostin (SOST) was
determined using a commercial ELISA Assay (R&D cat# DSSTO00) with a detection range
from 31.3 to 2000 pg/ml and a sensitivity of 3.8 pg/ml. SOST intra-assay CV ranged from
0.5 to 4 with an average of 2.5; whereas inter-assay CV ranged from 2.3 to 12 (4.5 average).

Statistical analysis

Results

Group differences in baseline measures were examined using an independent t test. Group
differences over time in sclerostin and PTH concentrations were examined using a two-way
analysis of variance for repeated measures (between-subject effect: group, within-subject
effect; time). Bivariate correlations were examined using Pearson product-moment
correlation coefficients. Data were analyzed using SPSS version 21.0 and are reported as
means and standard error.

The mean age and physical characteristics for both groups are presented in Table 1. Seven of
the boys were prepubertal (stage 1), two boys were early pubertal (stage 2), and three boys
were mid-pubertal (stage 3) [16]. Results of the physical activity questionnaires and
nutritional intake were reported elsewhere [12]. Briefly, no differences were observed
between groups in terms of current or past-year physical activity. There were no differences
between groups in calcium and vitamin D intake. Daily energy intake, expressed relative to
body mass, was significantly higher in boys (p<0.006). No differences were observed
between groups in fat and protein intake, when expressed relative to body mass.

Resting sclerostin values were significantly higher in boys compared with those in men
(Table 2). No significant differences were observed in resting PTH concentration between
groups. As expected, resting PTH levels in both groups, combined, were negatively
correlated with resting sclerostin levels (r=-0.42, p=0.025).
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The change in sclerostin levels over time are demonstrated in Fig. 1. There was a significant
group-by-time interaction (p<0.001), reflecting an increase in sclerostin 5 min post-exercise
in men but not in boys. While sclerostin levels were consistently higher in boys before and
after exercise, group effect did not reach statistical significance (p=0.065).

The change in PTH over time is demonstrated in Fig. 2. PTH increased 5 min post-exercise
and then decreased at 60 min post-exercise (time effect, p<0.001). Values at 24 h post-
exercise were similar to pre-exercise, resting values. No differences were observed between
groups (no group effect, p=0.90; no group-by-time interaction, p=0.21). The post-exercise
change in PTH was related to the post-exercise change in sclerostin in men (r=0.51, p=0.03)
but not in boys.

Discussion

To our knowledge, this is the first study to examine the acute responses of sclerostin and
PTH to a single exercise session in humans. Specifically, we examined the responses to high
mechanical loading in boys and in men. Contrary to our hypotheses, the results demonstrate
that sclerostin levels increased immediately post-exercise in young men, with no change in
boys, following one session of high-impact exercise. The same exercise resulted in a similar
PTH response in boys and men with PTH increasing immediately after exercise, then
decreasing within 1 h in both boys and men.

The combined post-exercise transient increases in PTH and sclerostin, specifically in men,
are contrary to the accepted osteogenic chronic effect of exercise. There are several possible
explanations for this apparent discrepancy between the acute and chronic effects of exercise.
It is possible that the post-exercise sclerostin serum levels in the current study reflect pre-
existing sclerostin from the canalicular-lacunar system, which was “flushed” out through
exercise-induced fluid movement in bone. However, this does not explain the differential
response between boys and men. It is also plausible that regulators in the Wnt pathway,
other than sclerostin (e.g., DKK1), independently influence bone’s response to acute
exercise. Of note, one may also speculate that the exercise session resulted in an initial
catabolic response, especially in men, to be followed later by an anabolic response. Indeed,
immediately following intense exercise, Mezil et al. [20] demonstrated elevated bone
resorption markers in young men. Twenty-four hours following exercise, we observed an
increase in bone-specific alkaline phosphatase, reflecting an increase in bone formation, in
both boys and men [12]. This type of catabolic-anabolic coupling is in line with previous
findings of reduced IGF-1 levels shortly following intense aerobic training in adolescents
[21]. 1t is also parallel to the acute inflammatory response immediately post-exercise [20],
followed by a general reduced inflammatory status following training [22]. Thus, the
immediate increase in PTH and sclerostin may reflect an initial catabolic response, which is
later followed by an anabolic response to exercise.

The differential sclerostin response in boys and men may be related to the boys’ higher
resting values. Assuming that an increase in sclerostin would increase osteoclastogenesis
and bone resorption [23], the fact that sclerostin did not increase in boys may serve as a
protective effect, moderating the post-exercise catabolic response. This is in line with the
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accepted view that late childhood and early adolescence, the developmental stages of our
participants, serve as a critical period for bone accretion [13]. Alternatively, although the
exercise was designed to provide a similar loading stimulus for boys and men (same number
of jumps, height adjusted), it may not have provided the same stress on the tissues. That is,
boys’ habitual physical activity typically involves more jumping-type of activities (e.g., ball
games). Therefore, they may have been more habituated to this type of stimulus.

Examining the immediate bone cell response to exercise can provide insight into the
mechanism(s) responsible for the effect of mechanical loading on bone cells and bone tissue.
The differential sclerostin response between boys and men observed in this study suggests
that the internal structure or cellular properties of bone in children result in different
transduction of mechanical stimuli.
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Fig. 1.
Sclerostin concentrations at baseline (immediately prior to exercise) and post-exercise (5

min, 1 h, and 24 h) in boys and men. Values are expressed as mean+SE. *Significant
increase in men but not in boys (group-by-time interaction)
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Fig. 2.

Parathyroid concentrations at baseline (immediately prior to exercise) and post-exercise (5
min, 1 h, and 24 h) in boys and men. Values are expressed as mean+SE. *Significantly
different from baseline in both groups (time effect)
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Table 1

Physical characteristics and body composition for men and boys

Men (n=17) Boys(n=12) pvalue

Age (years) 22.7+0.8
Height (cm) 180.4+1.
Body mass (kg)  79.0+2.7
Body fat (%) 15.9+1.5
Years to PHV -

All values are expressed as m

PHV peak height velocity

10.2+0.4 <0.001
6 142.61+2.0 <0.001

34.4+15 <0.001

13.4+1.1 NS

-2.940.2 -
eans+SE
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Table 2

Resting PTH and sclerostin levels in men and boys

Men (n=17) Boys(n=12) pvalue

PTH (pg:ml™) 44544430  37.05%+3.26  0.27
Sclerostin (pg:ml~)  111.5+8.3 150.4+10.7 0.006

All values are expressed as means+SE
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