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ABSTRACT

After entering adulthood, the quality and quantity of bone decrease with age. Bone metabolism is
influenced by many factors and signaling pathways. Sclerostin is an antagonist of the Wnt signaling
pathway in osteoblast lineage cells, thus causing a decrease in bone formation. Recent studies have shown
that mechanical loading of the bones, for example by doing exercise, can affect the concentration of
sclerostin in blood serum. However, research on this topic still has wide variations in terms of frequency,
intensity, duration, and the type of exercise that can cause changes in serum sclerostin concentrations. This
study was conducted using the literature review method, we reviewed and compared the latest journals that
discussed the relationship between exercise and sclerostin concentrations in blood serum. Based on the
studies that we have compared and analyzed, exercise with a frequency of 3x/week with a minimum
duration of about 30 minutes, performed for at least 12 weeks with cardio type and intensity of 85-90%
HRmax decrease sclerostin levels in blood serum. Meanwhile, a single bout of exercise will increase
sclerostin levels transiently.
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INTRODUCTION

It is estimated that more than 9 million fractures a year are caused by osteoporosis worldwide?.
Osteoporosis becomes a major global health problem because it decreases the quality of life and life
expectancy. It reduces psychological and physical health?. Low bone mass is one of the characteristics of
osteoporosis, besides deterioration of architecture3#. A study concludes that the bone mass density of people
in Southeast Asia, in general, is lower than Caucasian people®. Women are more at risk of osteopenia and
osteoporosis than men with a prevalence of 61% and 16% for women while for men the prevalence was
38% and 4%:. Around one-third of postmenopausal women have osteoporosis®. Women in the United States
over 50 years of age who are at risk of fracture in the next 10 years have percentage rates of 3.4%, 5.3%,
and 6.8% and based on bone mass are classified into normal, low and osteoporosis. An important risk factor
of fragility fractures later in life is the failure to achieve and maintain optimal bone mass in adulthood.
Although pharmacotherapy and medical techniques are effective to treat osteoporosis, prevention is still the
best option. Exercise is a contributor to bone health that is accessible, inexpensive, and can be modified”#.
It is supported by evidence that is increasing about the effectiveness of exercise in increasing bone mass®:°.

Exercise exerts a mechanical load on bone tissue which has the combined effect of external forces
and muscle contraction resulting in a higher impact on bone than other forces associated with gravity. The
exercise intensity, the interval between repetitions of the same exercise and certain training sessions, these
three things influence the effectiveness of the exercise in preventing osteoporosis*''?, What is needed and
must be implemented is to design the right training program to be oriented towards the effective stimulation
of the osteogenic process®. Regular exercise is one of the factors that stimulate bone formation.
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Sclerostin is exclusively produced by osteocytes which have a function to inhibit signals sending
of activation, proliferation and differentiation of osteoblasts derived from mesenchymal cells. It has an
inhibitory effect on bone formation by blocking osteogenic Wnt signaling, it is a negative regulator3-6,
Whnt pathway signaling is important for bone strength because osteoblast differentiation, formation of bone
tissue, and suppression of the resorption process are stimulated by it. Inactivation of sclerostin activity in
the Wnt/B-catenin signaling pathway will give an anabolic effect and influence the osteogenic mechanism
prevalence!®1"181% QOsteocytes have been shown to have a role in the metabolism of bone tissue in addition
to osteoblasts and osteoclasts, this has been demonstrated in recent years?. Osteocytes have the function of
suppressing sclerostin secretion to activate the process of osteogenesis and repair of bone structure?..
Osteoblast apoptosis is stimulated by sclerostin and further processes potential mechanisms that can inhibit
the process of osteogenesis. The synthesis of sclerostin may be stimulated by immaobilization and lack of
physical activity. The process of overexpression of sclerostin in the bone can induce osteopenia®s.

After puberty, sclerostin levels decline and regular athletic activity can alter the relationship of
sclerostin to areal bone mineral density (aBMD). In healthy adults sclerostin concentrations were also
positively correlated with aBMD, but not in prepubertal children. Sclerostin levels have been reported to
be higher in athletes (for example gymnasts and swimmers) than in non-athletes. The increase in sclerostin
can be influenced by mechanical loads!4?2. Research on this topic still has gaps and wide variations in terms
of frequency, intensity, duration, and the type of exercise that can cause changes in serum sclerostin
concentrations. There are no basic standards and guidelines regarding the change of sclerostin
concentrations in blood serum that is caused by exercise. Therefore, we made this literature review with the
aim of comparing and analyzing several studies with different frequency, intensity, duration, and type of
exercise to see the effect of exercise to sclerostin and draw conclusions from these variations.

METHODS

The method used in this literature review is search methods such as internet searches, various journal
searches, journal reviews, and articles. Information used in this literature review was from Google Scholar,
ProQuest, Pubmed, Science Direct, and Scopus using the keywords “Exercise” in combination with
“Sclerostin” or “Sclerostin Concentrations”. The eligibility criteria include literature in the English
language that were published between 2012 and 2022. The literature reporting the relationship between
exercise and sclerostin concentrations in blood serum were selected. Reference lists from selected literature
were also checked to identify additional relevant reports. We found 60 articles and then selected 44 articles,
all articles included in this study has been checked through the Scimago Journal & Country Rank.
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RESULTS

Five author teams searched for literature on Google Scholar, ProQuest, Pubmed, Science Direct,

and Scopus using the keywords “Exercise” in combination with “Sclerostin” or

“Sclerostin

Concentrations”. We include literature in the English language that were published between 2012 and 2022.
The literature reporting the relationship between exercise and sclerostin concentrations in blood serum were
selected. We reviewed 60 abstracts for inclusion with 44 selected for full-text review. A total of 10 studies
were analyzed and compared. Information was extracted using the PICO format (ie, participants,
intervention, comparison, outcomes). Descriptive findings are then reported on Table 1.

Table 1. Studies examining the effects of exercise on sclerostin

Author
and year -
of Participan Intervention Res“lt.,s Outcomes
L ts Comparison
publicatio
n
Hinton et 38 men, Participants were randomly Baseline: After 12 months of
al, 201723, aged 25 to divided into 2 group: 12 39.2 +11.6 pmol/L RT or jump
60 years months of RT (2x/week) or 12 After 12 months of RT training, sclerostin
with months of jump training or jump training: levels significantly
osteopenia (3x/week) 36.8 + 13.3 pmol/L decreased about 7%
(p=0.012) from the baseline.
Janik etal, 50 women, First 12 weeks: participants Baseline: 275.82+38.15 After 12 weeks of
2018%, aged 50 remained at their usual level of  After the first 12 weeks  cardio workout on a
to75 years physical activity. (no physical bike ergometer,
with Next 12 weeks: participants training): sclerostin levels
osteopenia  undergo a cardio workout on a 277.07+38.35 significantly
bike ergometer, 3x/week for 36 After the next 12 weeks decreased.
minutes. (with physical
Training):
242.60+43.04
(p<0.001)
Ghardashi- 59 Patients were randomly divided Control group (Men): After 12 weeks of
Afousi et sedentary  into 2 groups: the control group 238.87 + 84.57 HIIT, sclerostin
al, 20184, patients or the HIIT group. The HIT HIIT group (Men): levels significantly
(31 men, group was trained for 6 163.38 £ 46.95 decreased in
28 intervals, each with a duration ~ Control group (Women):  patients with type 2
women), of 4 minutes at 85%-90% of 203 + 66.27 diabetes.
aged 45to0  HRmax, then interspersed with HIIT group (Women):
60 years 3 minutes of training at 45%- 170.60 + 42.53
with type 2 50% of HRmax. The training (p=0.001)
diabetes was done 3 times a week for 12
weeks.
Sharma- 9 women, Participants completed 2 WBV + RE Sclerostin levels
Ghimireet  aged 20 to exercise protocols in random PRE: 0.276 + 0.015 were found
al, 2019, 30 years order: RE and WBV + RE POSTWBYV: 0.302 + significantly
0.011 increased from pre-
IP: 0.324 + 0.025 exercise to

30P: 0.268 + 0.021
(p<0.05)

immediately after
resistance exercise,
then decreased back
to the pre-exercise
level.
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After an acute bout

Guerriere 14 men, Participants completed a rest No significant effects
et al, aged 18to  phase and a plyometric training  were found on sclerostin  of plyometric jump
20182, 39 years in random order. levels that are measured  exercise, there were
at0, 12, 24, 48, and 72 no significant
hours after the responses of
plyometric training is sclerostin
conducted. concentrations in
(p>0.05) blood serum.
Kouvelioti 20 women, Participants completed 2 Sclerostin increased After a single bout
et al, aged from exercise trials: High-Intensity from pre-exercise to 5 of high-intensity
20187, 18 to 28 Interval Cycling (HIIC) min after exercise in training, there was
years performed on a bike ergometer both trials. an increase in serum
and High-Intensity Interval HIIC: 102.3t0 135.8 sclerostin found in
Running (HIIR) performed on a pg/ml young women,
treadmill in random order. HIIR: 100.2 to 131.6 irrespective of the
pg/ml exercise mode.
Then returned to
baseline levels by 1 hour
(p<0.001)
There is no difference
between exercise modes
(p>0.05)
Jurimée et 16 male Participants completed a 2 Sclerostin levels were In trained male
al, 2020%, rowers, hours rowing exercise, with found significantly rowers, a 2-hour
mean age distance 23.8 £ 0.9 km and increased about 36% water resistance
19.0+2.2 intensity 79.8 £ 2.1% of the from baseline. training session at
years, who anaerobic threshold. (p<0.05) 80% anaerobic
had rowing threshold intensity
training (ANnT) resulted in
experience: increased of serum
43+17 sclerostin in blood.
years
Dror et al, 13 males Participants completed 2 Sclerostin levels A greater transient
20212%°, aged exercise: cycling on a cycle significantly increased in sclerostin level
20-29 ergometer (CE) or running ona  after running (27.7%), was found in
years old treadmill (TM). For the second which was not running group
visit, participants completed the found after cycling. compared with
other exercise, cycling or a 30 (p=0.015) cycling group, at
minutes running at 70% heart the same moderate-
rate reserve. to-vigorous exercise
intensity.
Gombos et 150 Participants were divided into 3 Baseline [pmol/L]: Sclerostin level
al, 2016%. females groups: resistance exercise RG: 26.8 £ 14.0 increased in the
with (RG), walking group (WG), WG: 23.6 £ 10.0 resistance exercise
osteoporosi and control group (CG). CG:24.0+8.38 (RG) and walking
sor Post-intervention (WG) groups, and it
osteopenia [pmol/L]: was found that there
RG: 29.8 + 15.7 was a difference
WG: 29.9 +10.8 after the exercise
CG:24.2+88 intervention
(p<0.01) between the control
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(CG) and WG
groups.
Nevesetal, 193 male Participants were Baseline [ng/mL]: There was a
20213, and female Divided randomly into three CTL:1.93+0.48 decrease in the
patients groups: CTL (n = 60), DRT (n DRT: 1.86 £ 0.67 levels of sclerostin
with =66), and IRT (n = 67). IRT: 1.82 £ 0.81 in the DRT group
glomerular Post-intervention compared to
filtration [ng/mL]: baseline, and in the
rate <15 CTL: 1.88 +0.60 CTL and IRT
mL/min/1. DRT: 1.34 £ 0.43 groups.
732 IRT: 1.73+£0.58
(p=0.0084)

*Statistically Significant (p <0,05). RT: resistance training, HIIT: High Intensity Interval Training, RE: resistance exercise, WBV: whole-body
vibration, PRE: before exercise, POSTWBV: immediately after WBV, IP: immediately after RE, 30P: 30 min after RE, CE: cycle ergometer,
TM: treadmill, CTL: control group, DRT: dynamic resistance training, IRT: isometric resistance training.

DISCUSSION
Roles of sclerostin in bone remodeling

Bone is continually remodeled throughout life to maintain plasma calcium homeostasis and prevent
the accumulation of old bone. Osteoclasts resorb bone and then the new bone is formed to replace the
amount of bone reabsorbed by osteoblasts. This is called bone remodeling, and balanced bone remodeling
stabilizes bone mass. The imbalance between bone resorption and bone formation results in low or high
bone mass®2.

Sclerostin is a glycoprotein secreted by osteocytes. Sclerostin inhibits the intracellular Wnt signaling
pathway, which activates the process of cell differentiation into osteoblasts, inhibits bone formation and the
process of resorption. Wnt/p-catenin signaling function is regulated by the production of 5/6 receptor
inhibitors (LRP) sclerostin and Dickkopf-1 (DKK-1), which cause phosphorylation and degradation of b-
catenin, thereby inhibiting osteoblasts. The inhibitory effect of Wnt signaling on bone has led to the
development of pharmacological interventions (eg sclerostin antibodies) that could be beneficial in the
prevention and treatment of osteoporosis’13-1533-38

In patients with bone injuries, sclerostin secretion is inhibited by osteocytes to activate osteogenesis
and bone repair processes. Overexpression of sclerostin in bone causes osteopenia. Sclerostin stimulates
osteoblast apoptosis, resulting in a potential mechanism that can inhibit osteogenesis. Bones that are not
exposed to mechanical stress are at risk for increased sclerostin concentrations resulting in a higher
incidence of osteocyte apoptosis. This is what increases the recruitment of osteoclasts and the process of
resorption and bone loss occurs®.

Sclerostin may act as a biomarker of osteoporosis. Low lumbar bone mineral density (BMD) is
associated with an increase of serum sclerostin in the elderly female of hemodialysis (HD) patients in a
study conducted by Lu et al (2022)*. Estradiol is one of the factors that regulates sclerostin synthesis.
Decreased estradiol levels are associated with the pathogenesis of postmenopausal osteoporosis. It has been
suggested that estradiol inhibits osteoblast apoptosis. Higher levels of sclerostin were observed in
postmenopausal women than in perimenopausal and levels were inversely related to the free estradiol
index#041,
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Effects of exercise on sclerostin concentrations in blood serum

Some studies have shown exercise can lower serum sclerostin levels, while some other studies have
shown the opposite which is increase in serum sclerostin levels after certain physical activity. A study by
Hinton et al (2016), showed that an exercise intervention that modulated intensity over time decreased
circulating sclerostin as bone mineral density increased. It should be noted that exercise—resistance
training or jumping exercise—both increases bone mass and decreases sclerostin. These results are
consistent with the concept that osteocyte expression of sclerostin is capable to increase bone mass in
humans by mechanical stimulation type of exercise?4243,

A study from Janik et al. has shown serum sclerostin levels as one of bone turnover markers were
significantly decreased after 12 weeks of physical training program in women with osteopenia. The program
is interval training on a bicycle ergometer 3x/week for 36 minutes which is a moderate level. All 50
participants received calcium 500 mg and vitamin D3 1800 IU as daily supplementation during the study.
The study concluded physical training effectively stimulates the formation of bone in women with
osteopenia. The decrease of the serum sclerostin level after a physical training program may stimulate
osteoblastogenesis. Sclerostin may be considered as a marker of physical activity and as a parameter for
monitoring and predicting further therapy in osteopenia and postmenopausal osteoporosis cases®.

Another study investigated the association between 12 weeks of high-intensity interval training (HIIT)
on serum levels of sclerotin, Dkk-1, and carotid intima media thickness (CIMT). There was a decrease in
cIMT, serum Dkk-1 and sclerostin levels after HIIT. The decrease in cIMT after HIIT is an effect of
decreased serum levels of sclerostin and Dkk-1%4. On the opposite, serum sclerostin levels increased after
acute whole-body vibration plus resistance exercise in 9 young women. Sharma-Ghimire et al. assumed it
may have been mediated by plasma volume shift?.

Guerriere et al. determined whether an acute bout of exercise reduces serum sclerostin level, one of
the biochemical markers that inhibit the Wnt signaling pathway. The study controlled dietary calcium intake
to stabilize parathyroid hormone (PTH) which regulates sclerostin expression in osteocytes. As we know,
the circulating concentration of calcium regulates PTH, so by regulating it, the results likely reflect the
mechanical stimulus effect alone. 14 young healthy men participants did a 5 up to 10 minutes warm-up that
consisted of leg presses, lightly weighted Plyo Press jumps, and stretching and were assessed several times.
The result is no significant effect on serum sclerostin level after an acute bout of exercise. But, this study
did not assess the serum sclerostin level immediately post-exercise and may have missed a change of it
which usually increased immediately post-exercise. The duration of the plyometric exercise also may be
too short to alter serum sclerostin level in this study?®.

A crossover design by Kouvelioti et al. compared the response of sclerostin to high-intensity impact
exercise (running/HIIR) versus high-intensity no-impact exercise (cycling/HIIC) in the same group of
young women participants. The result is there is a significant time effect on serum sclerostin level in both
exercise modes 5 minutes after exercise which the level increased and returned to baseline level by 1 hour
as shown in the table above. The higher serum sclerostin level after exercise is more probably because
osteocytes release the previously synthesized sclerostin into the blood, rather than because of increasing
gene expression of sclerostin in a short time?"44,

The first three studies have shown the same results that serum sclerostin levels significantly decreased
after regular exercise (two or three times a week) for a long period (12 weeks and 12 months). Otherwise
the last three studies have shown serum sclerostin levels significantly increased or had no significant
response after an acute or a single exercise only. So, according to sclerostin’s role explained before, doing
exercise regularly for a lifetime, may improve bone health and slow down the bone aging process, regardless
of the mode of exercise.
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Sclerostin secreted by bone tissue is not only involved in bone remodeling but can be used as a
biological marker of energy homoestasis. A study by Jurimée et al (2020) showed that a 2-hour water
resistance training session at 80% anaerobic threshold intensity (AnT) resulted in increased serum sclerostin
in trained male rowers. The distance covered was used as a marker of the metabolic demands of rowing
training while the weekly training volume was used as a marker of exercise stress that would increase
exercise-induced sclerostin concentration in male rowers?.

Different types of physical exercise have different impacts on sclerotin. N. Dror et al (2021) found
that moderate to vigorous intensity exercise, running appeared to produce a greater sclerostin response
compared to cycling®®. Another study by Gombos et al (2016) who observed 150 female subjects with
osteoporosis or osteopenia divided their patients into 3 groups: resistance exercise (RG), walking group
(WG), and control group (CG). From the observations, it was found that the level of sclerostin increased in
the resistance exercise (RG) and walking (WG) groups, and it was found that there was a difference after
the exercise intervention between the control (CG) and WG groups®.

Research on dynamic resistance training (DRT) also found that DRT was able to increase bone mineral
density (BMD) in various body parts. This occurs by increasing several factors of pro-osteogenic such as
Klotho and calcitriol and also reducing sclerostin levels, FGF23, and PTH which affect bone loss. It was
argued that the benefit did not occur after isometric RT (IRT). The researchers then recommended DRT
based on the perceived exertion rating (RPE) as sufficient to provide a significant improvement. In addition,
the external load can play an important role because IRT shows the same RPE for low external loads. This
could explain how the process of bone remodeling?!.

Mechanism of type, duration, frequency, intensity in affecting sclerostin

As a bone formation inhibitor, sclerostin has an important role in mechanotransduction in bone?.
The different response of sclerostin between the exercise typess may because of the different mechanical
loading'¢. Some animal studies have shown that prolonged mechanical loading is followed by decreased
sclerostin, while sclerostin increased during prolonged mechanical unloading?°.

High impact exercise and prolonged bed rest would increase the sclerostin. It is assumed that high
sclerostin levels which is persistent will cause a catabolic effect of bone, while high sclerostin levels which
is transient or intermittent will cause an anabolic effect of bone?°. In single bout of exercise, the transient
increase in sclerostin may because of the existence of previously synthesized sclerostin pool that is released
into bloodstream as a response to the exercise stimulus. Physiological regulation of kidney also may relate
with the increase of sclerostin'®. It may because of a decreased excretion or an increased reabsorption of
sclerostin in tubule'®. Another speculation is it may relate to a threshold of mechanical strain intensity which
bone turnover may be stimulated®.

Sclerostin levels may depend on type, duration, frequency, and intensity of exercise. However,
those mechanisms is still unclear and needs further research®2,

Other Factors that Influences Sclerostin Levels

Age, diabetes, BMD, male sex, weight, height, and serum uric acid levels were all linked to sclerostin
levels. In patients with diabetes mellitus (DM), serum sclerostin levels increase due to lower BMD and
renal function. Yamada et al. published in 2015 that serum sclerostin levels in PD patients were significantly
associated to age. Sclerostin levels correlated with spinal trabecular bone loss in patients undergoing
dialysis. In this investigation, lumbar BMD and serum sclerostin had a negative connection with age and
female sex, but not with DKK1 HD patients. These data show that sclerostin could be used as an
osteoporosis biomarker in HD patients.*®
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In perimenopausal and postmenopausal women, many studies have examined the factors that
influence sclerostin levels. Ardavi et al. discovered that until the age of 45, circulating sclerostin levels
increased with age. Longitudinal studies have also shown that sclerostin levels increase with age. The
increase occurred from reproductive age to menopause, and also from menopause to early postmenopause.
Furthermore, Amrein et al. also found an increase in sclerostin levels with age in healthy patients, which
was not affected by gender.*°

Research by Jurimae et almain showed that serum sclerostin levels were associated with the mass of
body fat and serum fat-derived leptin levels, implying that bone-derived sclerostin may be involved in
adipose tissue management. Resting sclerostin levels were not different between normal weight and obese
teenage girls in a recent research of adolescent girls, whereas resting leptin levels were considerably greater
in obese adolescent girls than in their lean counterparts.*

Based on the author's direct experience in the research process, there were some limitations that could
be given more attention to future researchers, for example, the information provided by previous authors in
describing exercise is not always complete in terms of frequency, intensity, duration, and type of exercise.
Further studies are still needed with a larger number of respondents in order to describe the actual situation,
and studies in a variety of populations to investigate the effect of the increase in serum sclerostin levels.

CONCLUSION

This literature review shows evidence from several studies that certain physical activity has a good
impact on bone health that can be evaluated with biomarker assessment. Sclerostin which has the function
to inhibit bone formation may be a marker of physical activity towards the aging of bones. Based on the
studies that we have compared and analyzed, exercise with a frequency of 3x/week with a minimum
duration of about 30 minutes, performed for at least 12 weeks with cardio type and intensity of 85-90%
HRmax decrease sclerostin levels in blood serum. Meanwhile, a single bout of exercise will increase
sclerostin levels transiently. Further studies are still needed in a variety of populations to investigate the
effect of the increase in serum sclerostin levels.
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