Vol. 4, No. 1, Agustus 2020 — Februari 2021 Jurnal limu Faal Olahraga
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Abstract

Exercise is an activity that has many health benefits, including bone, heart, and muscle health. One
of the proteins found to be increased after exercise was FGF23. FGF23 is one of the bone mineral
regulators which previously served as an indicator for chronic Kkidney disease severity and
cardiovascular morbidity. However, some studies have found no increase in FGF23 after exercise. The
purpose of this study is to elucidate the effect of exercise on serum FGF23. This study is a literature
review with a qualitative approach comparing previous studies related to exercise and FGF23. From 13
selected literatures, serum FGF23 elevation was found on exercise for one day to three weeks and did
not change after six weeks to 12 months of exercise. The conclusions of the study are serum FGF23 was
found to be increased after one day to three weeks of exercise and serum FGF23 in human studies found
to be increased after long-duration maximal-intensity exercise.
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INTRODUCTION

Exercise is defined by WHO as a
subcategory of physical activity that is purposefully
done to gain physical fitness.! Exercise has been
known to have numerous benefits for health. It is
proved to improve -cardiorespiratory, bone, and
muscular fitness. It is well known to reduce the risk
of non-communicable diseases, such as conditions in
metabolic syndrome. ' These health benefits of
exercise led to the discovery of factors that could
improve exercise performance. In 2016, Li et al.
found that Fibroblast Growth Factor-23 (FGF23)
treatment on exercise associated with lower ROS,
increased mitochondrial function, and increased time
to exhaustion. Therefore, they suggested that FGF23
could improve exercise performance.*

FGF23 is a member of the FGF protein
family, which is a family of proteins that shared
structural similarity.> The FGF family has been
classified into seven subclasses, one of them is the
FGF19 subclass (consist of FGF19, FGF21, FGF23)
which is also referred to as endocrine FGF or
metabolic FGF.>® FGF23 produced primarily by
osteocytes.” FGF23 main functions is to regulate
phosphorus and vitamin D metabolism.” FGF23 acts
mainly in renal tubules and further became a
biomarker for renal function, especially in chronic
kidney disease (CKD) where it indicates the adverse
outcome of CKD.”® FGF23 also has direct activity
on cardiac muscle and inflammation, where elevated
FGF23 concentration is associated with left ventricle
hypertrophy  greater risk of cardiovascular
morbidity.5*!

The importance of FGF23 as a biomarker of
CKD and cardiovascular disease (CVD) caused this
protein to be commonly studied in clinical settings.
Studies about FGF23 and exercise was initially
carried out regarding the function of FGF23 as a
bone mineral regulator. The study showed that
exercise increase serum FGF23.2 Subsequently,
studies related to FGF23 with exercise began to
develop with various exercise modalities.™®

However, the findings are still inconsistent
whether exercise increases FGF23 or not.*** Several
studies conducted did not show any changes in
FGF23 after exercise.”>'" One of which was the
study conducted by Tarawan et al. (2019) that shows
no changes in FGF23 gene expression in Wistar rat
heart after short-term moderate-intensity exercise.*’
This inconsistency was possibly due to different
sample inclusion and training modalities given in the
experiment.

Therefore, it is necessary to conduct a
literature review that provides a comparative
discussion about previous findings related to the
effect of exercise on FGF23, especially serum

FGF23 which can reflect the systemic effect of
exercise on FGF23. Besides, the exercise method
will be described using the frequency, intensity,
time, and type (FITT) formula.™

METHOD

This literature review is conducted in a
qualitative study design. Previous studies related to
the effect of exercise on serum FGF23 which were
published in scientific journal articles for the last 10
years were collected, summarized in a comparative
table, and analyzed in descriptive narration.

This literature review sorts scientific journal
articles on Google Scholar and PubMed search
engines. The keywords used in the article search are
"FGF23", "exercise", "experimental study". These
keywords are used separately or in combination.
Only articles that are written in English or minimal
have an English translation of the abstract (which
contains information about research objectives,
methods, results, and conclusion) would be selected.
The selection of articles limited to the last 10 years
of publication, were experimental study with
exercise intervention in human or animal sample,
and measured serum FGF23 or FGF23 protein
expression in heart and/or skeletal muscle. The
research flow is presented in figure 1.

The statement letter about denying any
research misconduct such as plagiarism and data
fabrication in the study was signed by the author on
a legally accountable seal.

RESULT

The results of data collection related to the
effect of exercise on FGF23 are presented in table 1.

From thirteen articles measuring serum
FGF23 after exercise intervention, four articles were
showing a significant increase in FGF23 after
exercise. The four articles consist of three human
subject studies (conducted by Lombardi et al.,
Emrich et al., and Kerschan-Schindl et al.) and one
animal subject study conducted by Li et al. The
other eight articles did not find any increase in
FGF23 serum level after exercise consisted of five
human subject studies and three animal subject
studies. Only one human subject study, conducted
by Neves et al., showed a decreased level of serum
FGF23 after exercise intervention.

In the four studies that showed a significant
increase in serum FGF23 after exercise, the exercise
intervention tended to be more short term than
studies that did not show changes in serum FGF23.
The exercise interventions that showed positive
results were carried out for one day to 3 weeks,
while studies showing no change were carried out
for six weeks to 12 months. However, one study by
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Emrich et al. in 2019 which investigated the acute
effects of sympathetic activation on serum FGF23
did not show an increase in FGF23 after one-day
exercise intervention.

The three human subject studies which
showed increased FGF23 after exercise similarly
conducted maximum intensity exercise.® While the
intensity of exercise in mice that showed positive
results, was moderate. However, the relationship
between intensity and the FGF23 serum
concentration was still difficult to explain because
most other studies that did not show changes in
FG23 were also applied moderate to maximum
intensity of exercise.

Time or duration of exercise in human
subject studies that showed positive results was
ranging from 5 hours exercise in a day to 88 hours

total finishing time in the race. There are six human
subject studies and four animal subject studies that
applied exercise duration of up to one hour per day.
Only one of the ten studies showed positive results
regarding an increase in serum FGF23 after exercise.

Studies that showed an increase in human
serum FGF23 were conducting cycling, hiking, and
running exercise. While the studies in mice that
showed positive results in FGF23 were conducting
running (treadmills) exercise. Various other types of
exercise such as aerobic variations (walking,
jogging, cycling, etc.), strength variations (jumping
quadriceps extensions, squats, biceps curls, pull-ups,
etc.), balance variations (standing with feet together,
on one leg, on balance board or planking) were also
conducted in the studies but showed no increase in
serum FGF23 and FGF23 protein expression.

Literature search on PubMed and Google Scholar
with “FGF23 Exercise keyword

v
Search result (n = 30)
|
v h 4
Published between 2011 — 2020 (n = 29) Published before 2011, excluded (n = 1)
v v
Observational study (n = 23) Review articles, excluded (n = 6)
v v
Studies to be reviewed Not measuring serum FGF23 after exercise
(n=13) intervention (n = 10)

v

Data extraction into 6 variables

v

Data analysis

Figure 1. Research Flow

Table 1. Effect of Exercise on FGF23

No aﬁgtgg'[e Purpose Method Sample Findings Conclusion
1. Lombardi Determine the Giro d’Italia 2011 Human Serum FGF23 on FGF23 was
et al. effects of race, 3524.5 km, (Profession  day-1=2.20 + increased by the
201412 endurance mean speed of al cyclists)  0.85 nmol/L, maximal
exercise on the +36km/h lore: 9 2.76 £0.71 nmol/L  intensity
bone-kidney- lpost: 9 on day 12, and 3.37 bicycle race
parathyroid F: 21 days’ race (2 + 0.64 nmol/L on
hormonal axis days’ rest) day 22
that regulates I -
calcium and T: Total finishing 125(0OH)D (but not
phosphorus times 84h 12m 10s — significant),
metabolism 88h 15m 51s. Tpower output;
T: Cycling |BMI; Fat, serum

PTH, serum
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No aﬁgtlgg'[e Purpose Method Sample Findings Conclusion
calcium were not
changed
2. Wang etal. Determine the F: 5x/week, 8 Rat FGF23 serum level FGF23 was
2015%° effects of weeks (Wistar, was: increased by a
exercise on bone I: - male) NC: 411.8 £53.1 high
and phosphate- T: 60 seconds (20 x NC: 10 pg/ml; NE: 430.0 £ phosphorus diet
calcium 3 seconds) NE: 10 57.8 pg/ml; HC: rather than by
metabolism in T: Jumping (aerob) HC: 11 868.1 £ 92.8 pg/ml; exercise
high-phosphorus HE: 11 HE: 819.6 + 103.7 intervention
diet rat pg/ml
Tserum inorganic
phosphorus, 1-25
(OH) Vit D in high
phosphorus diet;
Tserum total
calcium and 1-25
(OH) VitDin
exercise group;
Tbone mineral
content, strength,
transverse and
longitudinal
thickness of the
tibial diaphysis.
3. Lietal. Explore therole  Acute exercise Mice tserum FGF23 in FGF23 was
2016* FGF23 in F: 1x Ishort: 8 every exercise increased after
exercise I: 20m/min lexhaustive:8 group, TFGF23 short term,
(moderate) liong: 8 MRNA expression  exhaustive, and
T: 60min in skeletal muscle long term
T: Running after chronic exercise

Exhaustive exercise

F: 1x

I: 20m/min
(moderate)

T: Until exhaustion

T: Running

Chronic exercise

F: 1 week

I: 20m/min
(moderate)

T: 60min/day

T: Running

exercise
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No aﬁgtlgg'[e Purpose Method Sample Findings Conclusion
4, Keshavarzi  Determine the F: 3x/week, 12 Human FGF23 pre FGF23 was not
etal. 20172 effect of aerobic  weeks (hyper- exercise: 340.92+  changed after
exercise on I: 40-70% HRmax tensive 59.29 pg/ml; post exercise
FGF23, ACE, T: 25-50min elderly, exercise: 372.80 =
and left T: Aerobic female) 103.33 pg/ml; p
ventricular I 10 value between pre
hypertrophy C: 10 and post test =
0.43.
TACE and 1left
ventricular
thickness after
aerobic exercise
5. Emrich et Evaluate the Submaximal Human Both groups: FGF23 was not
al. 2018% effect of exercise (exercise iFGF23 and cFGF23 changed after
sympathetic F: 1x regular-ly, were not increased,  submaximal nor
activation on I: 90% IAT male) tplasma phosphate,  high-intensity
FGF23 level T: 60 min lore: 15 tfraction excretion  exercise
T: static cycling lpost: 15 phosphate, {fraction
excretion calcium
High-intensity
exercise Tplasma calcium
F: 1x only in high-
I: 110% IAT intensity exercise.
T: until exhaustion
(<60 min)
T: static cycling
6. Emrich et Evaluate the F: 1x Human (6 cFGF23 had asingle cFGF23 (C
al. 2019 effect of l: - females, 2 peak after 5 hours fragment
increased T: 5 hours male) high-altitude hike in ~ FGF23, but not
erythropoietin T: hiking (at 2656m  lpe: 8 the normal (92.3 iFGF23 (intact
(high-altitude above sea level) ot 8 RU/mI) and low FGF23), had
setting) on phosphorus diet increased after
FGF23 plasma group (187.6 5 hours exercise
level in low and RU/mI) in high altitude
normal
phosphorus diet 1EPO, {PTH,
durinary phosphorus
excretion, furinary
calcium excretion
7. Liao et al. Determine the F: 5x/week, 8 Rats FGF23 levels in the Increased
201916 effect of exercise  weeks (Sprague  rats from the CKD + FGF23 was
on bone I: (9-16m/min) Dawley, exercise group was markedly
mineralization in  T: 10-60min CKD, 723.9 £ 57.1 pg/mL, determined by
CKD patient T: running male) in the CKD group CKD condition
I:13 (non exercise) was rather than
C:9 836.1 + 71.4 pg/mL, exercise
Cnonckp:8 in the control (non- intervention.

CKD and non
exercise) was 404.6
+ 64.8 pg/mL
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No aﬁgtlgg'[e Purpose Method Sample Findings Conclusion
dserum  sclerostin,
ICTX-1 (bone
resorption marker),
ttibial B-catenin in
the Intervention
group.
Serum intact
parathyroid
hormone, alkaline
phosphatase,
calcium, and
phosphate were not
changed
8. Buskermol  Investigate the Peak power training  Rat There was no FGF23 was not
enetal effect of (PT) (Wistar) significant changed after
2019% different training  F: 5x/week, 6 difference in FGF23  all training
modalities on weeks lpr: 6 serum concentration  modalities after
FGF23 and 1a- I: Maximal leT: 6 in PT, ET, nor PET  six weeks of
hydroxylase T:15sin gallop lpeT: 9 to control group exercise
(CYP27bl) inrat T: 10 sprints cC:7
bone (anaerob) Lower sclerostin
(SOST), dental
Endurance training matrix protein 1
(ET) (DMP1), Phosphate
F: 5x/week, 6 weeks Regulating
I: 16-26m/min Endopeptidase
T: 10-45min Homolog X-Linked
T: Endurance (PHEX), matrix
(running on a extracellular
treadmill) phosphoglycoprotei
n (MEPE),
Combined training CYP27b1, and
(PET vitamin D receptor
Conducting PT and (VDR) in PT group
ET with 8 hours’
interval Higher Serum PTH
concentrations in the
PT group
9. Zhou etal.  Investigate the Endurance and Human the p-value for FGF23 was not
20201322 effect of exercise  balance exercise (CKD) plasma FGF23 changed after
on abdominal combination (EB) les: 59 concentration in the 12 months of
aortic F: 3-5x/week, 12 les: 53 EB group was 0.4, exercise in
calcification in months in the ES group was  CKD patients
CKD patients I: 13-17 RPE 0.4, and in the
T: 150min/week whole group was 0.2
(60 min
endurance + 90 IMGFR,
min balance) dlipoprotein, in both
T groups.
- Endurance:

Aerobic variation

- Balance:
planking, step on
one foot, etc.

1PTH,
11,25(0OH),D3
increased in the
strength group

1 fetuin-A increased
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No aﬁgtlgg'[e Purpose Method Sample Findings Conclusion
in the balance group
Endurance and Plasma
strength exercise triglycerides, total
combination (ES) cholesterol, high-
F: 3-5x/week, 12 density lipoprotein
months cholesterol, low-
I: 13-17 RPE density lipoprotein
T: 150min/week cholesterol, FGF23,
(60 min phosphate, calcium,
endurance + 90 IL6, C-reactive
min strength) protein (CRP),
T albumin were
- Endurance: unchanged
aerobic variation
- Strength:
quadriceps
extension, squats,
biceps curls,
pull-ups, etc.

10. Fakhrpour Investigate the F: 3x/week, 4 Human, FGF23 in the FGF23 was not
et al. efficacy of months (Hemodial exercise groupwas  changed after
2020% aerobic and I: 12-14 RPE for ysis 273.11+82.28 16 weeks of

resistance aerobic exercise, patient, 38 before exercise and  exercise
exercise 12 repetitions (1- male, 7 294.67 = 88.11 after  intervention
combination on 3 sets) for female) I:  exercise.
quality of life resistance 24 p-value was >0.05
and calcification exercise C:21 compared to control
markers T: 10-45 min
including FGF23  T: Combined tklotho,
in hemodialysis aerobic (static dphosphorus,
patients cycling) and LPTH,
resistance fetuin-A was not
(foreleg changed
resistance)

11. Ramanjan- Investigate the F: 3x/week, 8 Human, FGF23, FGF19, FGF23 was not
eya et al. response of weeks (PCOS, FGF21, fetuin-A changed after 8
2020% FGF19 I: 60% VOzmax female) were not changed weeks of

subfamily and (moderate) Ipcos: 11 after exercise in exercise
fetuin-Ato an T: 60 min Iheathy: 10 PCOS and healthy intervention
acute intralipid, T: walking group

insulin infusion (treadmill)

and exercise

12.  Nevesetal. Compare the Dynamic resistance  Human Lower FGF23 after ~ FGF23 was

2020% effectiveness of  training (DRT) (Hemodial exercise in DRT decreased after
dynamic and F: 3x/week, 6 ysis group (compared to 6 months of
isometric months patient) baseline/before dynamic
resistance I: low to moderate IorT: 66 exercise, control, resistance
training in intensity lirT: 67 and IRT group) training in
osteogenesis of T: 8-12 repetitions, C: 60 maintenance
maintenance 3 sets, time under DRT: tklotho, hemodialysis
hemodialysis tension each set 11,25(0OH)2D, patients
patients was 32-48 s Iphosphate,

T: Resistance training

Isometric resistance
training (IRT)

dcalcium phosphate,
PTH

IRT: 7Kklotho,
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No aﬁgtgg'[e Purpose Method Sample Findings Conclusion
Same as DRT but 11,25(0OH)2D,
performed isometric dcalcium
contractions in each phosphate, {PTH
type of exercise
13.  Kerschan- Determine the F:1x Human TFGF23 FGF23 was
Schindl et effect of ultra- I: Over strenuous (athletes)  (from 2.2 pmol/L increased after
al. 20207 distance run on T: Finishing times lore: 9 before race to 14.4 short term
FGF23 30-35h49min  lpost: 9 pmol/L 15 minutes maximal
T: Running (246 km after race, p = intensity
Spartathlon) 0.001). But then fell  exercise

to 1.4 pmol/L on the
three days after the
start of the race (p <
0.0001)

Phosphate and blood
urea nitrogen were
not changed

Method column: F (frequency), I (intensity), T (Time), T (type), IAT (individual anaerobic threshold), RPE (rate of perceived

exertion)

Sample column: I (intervention), N (normal diet), C (control), E (exercise), H (high phosphate diet)

DISCUSSION
Increased FGF23 Expression in Blood Serum

Four out of thirteen studies measuring serum
FGF23 after exercise intervention were showed a
significant increase in serum FGF23 after
exercise.****% |n the four studies, the exercise
intervention tended to be more short term than
studies that did not show changes in serum FGF23.
The exercise intervention that showed positive
results ranged from one day to three weeks, while
studies showing no change were carried out for six
weeks to 12 months.**1522*2> The absence of an
increase in serum FGF23 after long term exercise
was probably due to metabolic adaptation in the
study subjects.'® After repeated exposure to exercise,
the body made adaptations to conserve energy which
causes the body to become more ‘blunt’ to exercise.?
One of the consequences of this metabolic
adaptation was reduced inflammation reaction in
exercise, which is one of the stimulators of FGF23
production.”” This presumption is supported by the
study conducted by Rosa et al. 2020 which found
that inflammation and basal FGF23 were lower in
master athletes.?

One of the studies which showed an increase
in serum FGF23 was conducted by Lombardi et al.
2014." Nine professional cyclists were recruited in
the study and showed an increase in serum FGF23
after three weeks of a cycling race. The blood
sampling was carried out three times throughout the
race, one day before the race, the 12" day, and the
22" day. The increase of serum FGF23 was

significant between the day before the race and the
22" day.* However, the increase of serum FGF23
in these regularly exercised subject could also be
determined by another factor besides the exercise
intervention, that is the high phosphorus diet which
will be discussed further in the next section.

The participants in the study conducted by
Lombardi et al. 2014 took approximately 84 to 88
hours in 21 days (with 2 days for rest) to complete
3524.5 km of the stage. Thus it could be assumed
that the participants performed the maximum-
intensity exercise with a duration of 4 to 5 hours per
day. It turns out that the intensity and duration of
this exercise are similar to the conditions that caused
an increase in serum FGF23 in the study by Emrich
et al. 2019. In that study, serum FGF23 was only
found to be increased after 5 hours of maximal
intensity hiking and back to average result in the
next blood sampling time point which was 13 hours
later. One recent study by Kerschan-Schindl et al.
2020 also found an increase in serum FGF23 in nine
athletes after finishing 246 km Spartathlon for 30 to
35 hours.?

Those studies suggested that the intensity
and time or duration of exercise which could
increase human serum FGF23 was generally a
maximal intensity with long-duration exercise.'>*4%
The long-duration maximal intensity exercise
possibly has caused sufficient release of myokine
IL-6, inflammatory response, and hypoxic state to
stimulate increased production of FGF23 in the bone
which is further released in the bloodstream.?’
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However, those studies have other factors that could
be another stimulator for FGF23 production such as
high phosphorus diet and increased erythropoietin at
high altitudes. Therefore, it could not be concluded
whether long-duration maximum intensity exercise
alone was sufficient to increase FGF23.#

In contrast to those studies, the study
conducted by Emrich et al. 2018 which measured the
effect of sympathetic activation after exercise was
found no increase in serum FGF23 even after short-
term exercise. Serum FGF23 was measured in the
study after a single submaximal or high-intensity
exercise that was conducted for up to 60 minutes.?
The subjects of this study were healthy men which
exercised regularly, thus the metabolic adaptation
probably occurred before the exercise intervention in
this study. This metabolic adaptation might cause
the 60 minutes maximal intensity exercise became
insufficient to increase serum FGF23 in the study
subjects. Moreover, there were no other additional
factors in this study that could increase FGF23 such
as high phosphorus and erythropoietin such as in
Lombardi et al. 2014 and Emrich et al. 2019
studies.*>*

Regarding the type of exercise, studies that
showed an increase in serum FGF23 were conducted
in several types of exercise. Studies that showed an
increase in serum FGF23 applied exercise types of
hiking, cycling, and running.*'** However, other
studies with longer exercise intervention (Six weeks
to 12 months) also applied running and cycling type
of exercise but did not show an increase in serum
FGF23.131%1623 Eyrthermore, a study by Zhou et al.
2020 which applied a different combination of
endurance, balance, and strength types also found no
increase in serum FGF23 in every group after 12
weeks of exercise intervention.® Therefore, serum
FGF23 is more likely to be influenced by exercise
duration than by type of exercise.

In animal studies, Li et al. (2016) were
found that serum FGF23 increased in the exercise
carried out for one day to one week, moderate
CONCLUSION

Serum FGF23 was found to be increased
after one day to three weeks of exercise. Serum

FUNDING
This research was not funded by any grant
sources.

CONFLICT OF INTEREST
This research has no conflict of interest.

intensity, duration of up to 60 minutes, and the type
of exercise was running on a treadmill®. However,
this result could not be compared to other animal
studies that also measured serum FGF23 after
exercise because the other studies used long-term
exercise intervention (six to eight weeks) which is a
crucial factor that largely determines the serum
FGF23 findings as discussed earlier.*>%® Therefore
it was difficult to conclude which intensity, time,
and type of exercise could increase serum FGF23 in
animal studies.

Supplementation

As the main physiological function of
FGF23 is to regulate phosphorus and vitamin D,
FGF23 regulation is very closely related to bone
mineralization’. Phosphate, calcium, vitamin D, and
PTH levels in the blood are closely related to serum
FGF23.% In the study of Lombardi et al., there was
high dietary phosphorus intake, 3874.97 mg/day,
which could be the main factor in increasing serum
FGF23 in the study.’* The high phosphorus diet
could be one major confounder in the study,
especially supported by Wang et al. findings which
showed that serum FGF23 was increased by a high
phosphorus diet rather than by the given exercise
intervention.*

Recommendations

A further study which aimed to elucidate the
direct physiologic effect of exercise on FGF23 level
in serum and skeletal muscle need to consider
including untrained individual, short term maximal
intensity  exercise, and restrict several diet
component related to bone mineral regulators, such
as phosphorus, to minimize confounding factors.

Another biomolecular investigation needs to
be done to elucidate the mechanism of FGF23
related to exercise performance, also to distinguish
the physiologic and pathologic levels of FGF23.

FGF23 in human studies found to be increased after
long-duration maximal-intensity exercise.
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