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Objective. This systematic review aims to examine the current literature on the effects of whole-
body vibration on hormonal levels in individuals with hormonal disorders.

Methods. A systematic search was performed on six electronic databases to retrieve studies
examining the effects of whole-body vibration on hormonal levels in individuals with hormonal
disorders. The retrieved studies were assessed against predetermined eligibility criteria in two
stages: title and abstract filtration and full-text filtration. The quality of the studies included was
assessed using the physiotherapy evidence based (PEDro) scale and their data were summarized
in a data extraction sheet. A pooled statistical analysis was conducted in studies that showed
homogeneity.

Results. The included studies assessed hormonal level in individuals with hormonal disorders
across various pathological conditions including fibromyalgia, multiple sclerosis, obese hypo-
thyroid females, diabetes mellitus, and individuals with renal diseases. The effect of whole-body
vibration was statistically significant on thyroid hormones, prolactin, cortisol, and irisin, while
other studies showed no effect for whole-body vibration on insulin, gonadal hormones, ghrelin
and leptin, adiponectin, parathyroid hormone, and insulin-like growth factor 1 in women with
fibromyalgia.

Conclusion. The whole-body vibration training may have an action in endocrine system as
observed by the alteration of plasma concentration of thyroid hormones, prolactin, cortisol and
irisin. It is possible that long-term, repeated mechanical vibration could directly or indirectly affect
the levels of other hormones.

Keywords: hormones, vibration therapy, whole-body vibration, thyroid, multiple sclerosis, fi-
bromyalgia, obesity

Hormones play multiple and crucial roles in
the regulation of the body functions. For instance,
insulin and glucagon regulate blood glucose, cortisol
reduces inflammation across the whole body, the
thyroid gland hormones control the metabolic rate,
and the gonadal hormones are essential regulators of

the sexual functions of the human body (Boron and
Boulpaep 2017).

Hormonal imbalance and dysfunction are a
common systemic manifestation across various path-
ological conditions. For example, obesity may affect
several parts of the endocrine system, specifically

Corresponding author: Hossam Mortada, Assistant Lecturer of Biomechanics, Basic Sciences Department, Faculty of Physical Therapy,

Galala University, Suez, Egypt; Galala Plateau, Attaka, Suez, Egypt; phone: +2 (0) 1000 765 613; email: hossam.mortada@gu.edu.eg.



SALMAN, et al. 197

the blood glucose regulating hormones are the main
affected hormones causing insulin resistance leading
to the occurrence of type II diabetes mellitus (T2DM)
(Golacki et al. 2022). In addition, published literature
has linked fibromyalgia with altered insulin-like
growth factor (IGF) (Atamer et al. 2023). Also, due
to the likelihood of multiple sclerosis (MS) to affect
female individuals, research has correlated the
disturbance in gonadal hormones and the incidence
of MS (Sparaco and Bonavita 2021).

Whole-body vibration (WBV) training is a
non-invasive method of transmitting mechanical
vibrations to the entire body of the subject through
a vibrating platform (Van Heuvelen et al. 2021). It is
reported to improve muscle strength and flexibility
and it may enhance musculoskeletal performance
(Bidonde et al. 2017).

Whole-body vibration training was hypothesized
to have an impact on hormones levels. For example,
it was reported that a single session of WBV training
increased the testosterone levels in healthy partici-
pants. Also, it was reported that WBV training
may have an impact on plasma concentrations of
parathyroid hormone (PTH), adrenaline, insulin-like
growth factor-1 (IGF-1), and growth hormones (Pain-
eiras-Domingos et al. 2017; Sa-Caputo et al. 2023).

Numerous clinical trials have investigated the
effect of WBV training on hormones (Bosco et al.
2000; Di Loreto et al. 2004; Cardinale et al. 2010;
Chen et al. 2015; da Cunha Sa-Caputo et al. 2015). The
effect of WBV training on body hormones has been
investigated in numerous clinical trials. However, to
the best of our knowledge, only one systematic review
has examined the effectiveness of WBV training on
growth hormones, and the population was mostly
healthy participants (Paineiras-Domingos et al.
2017).

To the best of our knowledge, there is no other
systematic review published, which has investigated
the effect of WBV training on hormonal levels in
individuals with pathological conditions. Only one
systematic review examined the impact of WBV
training on growth hormone concentration on
healthy participants concluding that WBV may play
an important role in promoting neuroendocrine
function of the human body (Paineiras-Domingos et
al. 2017).

This systematic review aims to evaluate the
effects of WBV training on various body hormones,
including thyroid and parathyroid hormones,
gonadal hormones, IGF-1, and irisin, in pathological
conditions such as fibromyalgia, obesity, MS, and
diabetes mellitus.

Materials and Methods

The current review followed PRISMA (the
preferred reporting items for systematic reviews
and meta-analysis) guidelines (Page et al. 2021). The
protocol was registered in PROSPERO (the Interna-
tional prospective register of systematic reviews) on
27" October 2024 (CRD42024598841).

Data sources and search strategy. Systematic
search by two authors (AFS and HM) was conducted
across six electronic databases which are PubMed,
Scopus, Cochrane Central, Google Scholar, Web
of Science and PEDro (the Physiotherapy Evidence
Database) till 20 October 2024. The detailed search
strategy is available in Appendix 1 (data available on
request from the authors).

Study selection. Eligible studies for inclusion
included randomized controlled trails assessing the
effectiveness of WBV on any hormone. Studies that
were not peer reviewed or were written in languages
other than English were excluded.

The identified records were imported to Rayyan
web platform (Ouzzani et al. 2016) for screening,
duplicate records were removed, and the remaining
studies went title and abstract screening by two
authors independently (MMS and YMH) followed by
another round of screening through the full text of
the retrieved records by another two authors indepen-
dently (HE and AFS). The senior author (SE) resolved
conflicts arising during the screening process.

Quality assessment. The PEDro Scale was used
to assess the quality of the included studies (Cashin
and McAuley 2020). In the PEDro scale, the quality
of the studies included is assessed across 11 criteria.
However, the first criterion is not counted making the
total score out of 10.

Data extraction. The following elements were
extracted from each included study, which are the
study ID ie., the first author’s name and year of
publication, the included participants’ characteris-
tics, the parameters of the intervention and control
procedures, the outcomes and results.

Data synthesis. Using the Review manager
software (RevMan - V5.4.1, The Nordic Cochrane
Center, The Cochrane Collaboration, Copenhagen,
Denmark, 2021), the eligible studies were analyzed. A
pooled statistical analysis for all available outcomes
was conducted if the data were sufficient.

The mean difference (MD) with 95% CI was used to
express continuous effect measures. We calculated the
MD for studies reporting pre and post mean and SD
by direct subtraction where the SD of the difference
was calculated by Follman equation (Follmann et al.
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1992; Abrams et al. 2005). The statistical heteroge-
neity between the included studies was assessed using
the I* test and its results determined the model used
in the analysis. If the heterogeneity was significant
(p<0.05) or I* was >50%, the Der Simonian and Laird
random-effects model was employed, otherwise the
fixed-efftect model was the default (DerSimonian
and Laird 1986). It was considered 2-sided statistical
analysis testing, setting the a-error level at 0.05.

Results

Study selection. Figure 1 shows the PRISMA
(Preferred Reporting Items for Systematic Reviews
and Meta-Analysis) of the study. The systematic
search yielded 659 records with additional three
articles retrieved through citation searching, i.e.,
snowballing. One hundred and fifty-seven duplicates
were removed, 502 research papers were screened in
the title and abstract filtration, and 21 of them went
through full text filtration. Finally, 10 studies have
the eligibility for inclusion in this systematic review
(Alentorn-Geli et al. 2009; Behboudi et al. 2011; Bellia

et al. 2014; Eftekhari et al. 2014; Ebrahimi et al. 2015;
Manimmanakorn et al. 2017; Rajapakse et al. 2017;
Tubic et al. 2019; Abdel-Latif et al. 2021; Dos Santos
et al. 2023). The exclusion reasons are cited individu-
ally in Appendix 2 (data available on request from the
authors).

Quality of the included studies. The PEDro scale
was used to assess 10 included articles, two poor
quality studies (Alentorn-Geli et al. 2009; Bellia et al.
2014), four studies had fair quality (Ebrahimi et al.
2015; Manimmanakorn et al. 2017; Rajapakse et al.
2017; Tubic et al. 2019), three studies had good quality
(Behboudi et al. 2011; Ebrahimi et al. 2015; Dos
Santos et al. 2023) and one study was considered to be
of excellent quality (Abdel-Latif et al. 2021) (Table 1).
The main weakness points were regarding intention-
to-treat analysis, allocation concealment and subject
and therapist blinding.

Characteristics of the included studies. Seventeen
hormones were measured in 10 included studies,
which were performed on six pathological conditions,
including obesity (Bellia et al. 2014; Tubic et al. 2019),
fibromyalgia (Alentorn-Geli et al. 2009; Dos Santos et

[ Identification of studies via datab and regi [ Identification of studies via other methods ]
T
5 ESE::SE I(ie—mﬂeg? from=: Records removed before
= - _ screening. R ds identified from:
g \web of SC'_QHCE (n=116) Duplicate records removed by Cﬁ;:i;ns:;e;:cll'lilsg (rnor:n 3)
E Scopus (n=151) automation tools
c Google Scholar (n=208) (n =157)
= =
o PEDra (n=7)
= Cochrane Central (n=29)
- J
(!
Records screened »| Records excluded™
(n = 502) (n = 4789)
= Reports sought for retrieval || Reports not retrieved Reports sought for retrieval ____, | Reports not retrieved
= (n=23) (n=2) (n=13) (n=10)
g
: | !
u
(7]
Reports assessed for eligibility »| Reports excluded: Reports assessed for eligibility | — 4 | Reports excluded:
(n = 21) Inappropriate Design (n = 8) (n=3) n=0
Different outcomes (n = 5)
Different language (n = 1)
-
Ty
= Studies included in review
E (n = 10)
G Reports of included studies +
= (n = 10)
—

Figure 1. PRISMA flow diagram.
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Table 1
Quality score of the included studies
Study Q @ Q Q Q Q Q@ Q Q Qo QI (Fg‘_’tl‘:)l)
Alentorn-Geli et al. (2009) Yes 1 0 0 0 1 0 1 0 0 0 3
Bellia et al. (2014) Yes 1 0 1 0 0 0 1 0 1 1 5
Tubic et al. (2019) Yes 1 0 1 0 0 0 0 0 1 1 4
Rajapakse et al. (2017) No 1 1 1 1 1 1 1 1 1 1 10
Manimmanakorn et al. (2017) Yes 1 1 1 0 0 1 1 0 1 1 7
Ebrahimi et al. (2015) Yes 1 0 1 0 0 1 1 0 1 1 6
Eftekhari et al. (2014) Yes 1 0 1 0 0 0 1 0 1 1 5
Dos Santos et al. (2023) Yes 1 1 1 0 0 1 1 0 1 1 7
Behboudi et al. (2011) Yes 1 0 0 0 0 0 0 0 1 1 3
Abdel-Latif et al. (2021) Yes 1 0 1 0 0 0 0 0 1 1 4

al. 2023), T2DM (Behboudi et al. 2011; Manimmana-
korn et al. 2017), MS (Eftekhari et al. 2014; Ebrahimi
et al. 2015), end-stage renal disease (Rajapakse et al.
2017), and hypothyroidism in obese postmenopausal
women (Abdel-Latif et al. 2021).

Insulin was measured in four studies (Behboudi
et al. 2011; Bellia et al. 2014; Manimmanakorn et al.
2017; Tubic et al. 2019), testosterone (Eftekhari et al.
2014; Ebrahimi et al. 2015), adiponectin and leptin
(Bellia et al. 2014; Tubic et al. 2019) in two studies each,
while thyroid-stimulating hormone (TSH) (Abdel-
Latif et al. 2021), follicle-stimulating hormone (FSH)
(Eftekhari et al. 2014), luteinizing hormone (LH)
(Eftekhari et al. 2014), prolactin, free thyroxine (FT4)
(Abdel-Latif et al. 2021), free triiodothyronine (FT3)
(Abdel-Latif et al. 2021), PTH (Rajapakse et al. 2017),
cortisol (Eftekhari et al. 2014), estradiol (Eftekhari et
al. 2014), progesterone (Eftekhari et al. 2014), ghrelin
(Ebrahimi et al. 2015), irisin (Dos Santos et al. 2023),
and IGF-1 (Alentorn-Geli et al. 2009) were measured
in one study (Table 2).

Hormones are classified based on organ of origin
and the results of WBV effect on each hormone in
each pathological condition are reported.

Effect of WBV on gonadal hormones. Testos-
terone level was assessed in individuals with MS in
two studies including 54 participants (Eftekhari et al.
2014; Ebrahimi et al. 2015). Pooled statistical analysis
showed no statistically significant difference in
testosterone level between WBV and control groups
(MD 0.00 [-0.12, 0.13, P=0.96]) (Figure 2). The same
scenario was applied to estradiol and progesterone
levels, which were assessed in one study in individuals
with MS (Eftekhari et al. 2014).

Effect of WBYV on adipokines. Two studies (Bellia
et al. 2014; Tubic et al. 2019) investigated WBV effect
on adiponectin level in 59 patients with obesity. The
results of pooled statistical analysis of two above-
mentioned studies showed no significant statistical
difference in adiponectin level between WBV and
control groups (MD 1.10 [-1.92, 4.13, P=0.47])
(Figure 3). This applies also to leptin and IGF-1 levels,
which showed no statistical difference between WBV
and control intervention in individuals with MS
(Ebrahimi et al. 2015) and fibromyalgia (Alentorn-
Geli et al. 2009).

Effect of WBYV on pituitary gland hormones. In
one study (Abdel-Latif et al. 2021), TSH level was

Test for overall effect Z=0.06 (P = 0.96)
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Total (95% CI) 28 26 100.0% 0.00[-0.12,0.13]
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Figure 2. Comparison of testosterone levels between whole-body vibration (WBV) group and the control group.
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Figure 3. Comparison of adiponectin levels between whole-body vibration (WBV) group and the control group.

measured in obese hypothyroid postmenopausal
women and showed a significant decrease of TSH
level in group performed WBYV training in addition
to thyroxine tablets and hypocaloric diet compared
to group received thyroxine tablets and hypocaloric
diet alone. Another study (Eftekhari et al. 2014) has
found a significant increase of prolactin level in
WBYV plus low intensity resistance training group
compared to no intervention group; however, this
was not the case regarding FSH and LH levels.

Effect of WBV on thyroid and parathyroid
hormones. One study (Abdel-Latif et al. 2021)
assessed the effect of combining WBV training to
thyroxine tablets and hypocaloric diet on FT3, FT4
and showed that there was a significant increase
compared to thyroxine tablets and hypocaloric diet
alone, while the PTH was assessed in one study
(Rajapakse et al. 2017) showing no significant
statistical difference between WBV and placebo
WBYV groups.

Effect of WBV on adrenal gland hormones.
Cortisol was assessed in one study (Eftekhari et al.
2014) and showed a significant decrease following
WBV plus low intensity resistance training,
compared to no intervention.

Effect of WBV on pancreatic hormones. Four
studies (Behboudi et al. 2011; Bellia et al. 2014;
Manimmanakorn et al. 2017; Tubic et al. 2019)
investigated the effects of combining squat WBV to
either hypocaloric diet or aerobic exercise on insulin
level in individuals with obesity (Bellia et al. 2014;
Tubic et al. 2019) and patients with T2DM (Behboudi
et al. 2011; Manimmanakorn et al. 2017); however,
no statistically significant difference was observed
regarding insulin level in both populations.

Effect of WBV on gastrointestinal hormones.
Ebrahimi et al. (2015) have found no effect of WBV
plus low intensity exercise on ghrelin compared to no
intervention in patients with MS. The only significant
effect of WBV was found on irisin level, which was
statistically significantly increased following WBV

compared to no intervention in individuals with
fibromyalgia.

Discussion

This systematic review showed that WBV has a
beneficial effect on several hormones in various path-
ological conditions. The effect of WBV on hormones
included TSH, FT4, and FT3 in obese hypothyroid
postmenopausal women (Abdel-Latif et al. 2021),
prolactin and cortisol in patients with MS (Eftekhari
et al. 2014), irisin in females with fibromyalgia (Dos
Santos et al. 2023).

On the other hand, some studies have shown no
effect of WBV on insulin in patient with obesity
(Bellia et al. 2014; Tubic et al. 2019) and individuals
with diabetes (Behboudi et al. 2011; Manimmana-
korn et al. 2017), estradiol, progesterone, FSH and LH
levels in individuals with MS, testosterone, ghrelin
and leptin in patients with MS (Eftekhari et al.
2014; Ebrahimi et al. 2015), adiponectin in children
with obesity and middle aged obese patients (Bellia
et al. 2014; Tubic et al. 2019), PTH in patients with
end-stage renal disease (Rajapakse et al. 2017) and
IGF-1 in females with fibromyalgia (Alentorn-Geli et
al. 2009).

The results of the current systematic reviews
showed that WBV has beneficial effect on several
hormones including TSH, FT3 and FT4 in obese
hypothyroid postmenopausal women (Abdel-Latif
et al. 2021). These changes may be possibly elicited
by directly mechanical stimulation or through
biomolecular transport enhancement. The thyroid
hormone is stored in the form of gel-like substance
(Yao et al. 2025). Mechanical vibrations release the
hormone from the storage form explaining why the
thyroid gland is avoided during massage therapy in
individuals with hyperthyroidism (Tachi et al. 1990;
Wagner et al. 2016).

Notably, WBV yielded a significant inhibitory
effect on cortisol in individuals with MS (Eftekhari
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et al. 2014). This may be due to exercise adaptation
which may decrease the level of cortisol, as exercise
temporarily increases cortisol production followed
by enhanced catabolism of cortisol, which may be
linked to the effect of the neurosecretory centers of
the hypothalamus (Rigamonti et al. 2018)

In addition, vibratory movement of WBV may
induce relaxation across the body which can lead
to reduction in blood and salivary cortisol levels as
it reduces stress (Jabraeili et al. 2023; Ahmed and
Marinova 2024) Furthermore, Roberge et al. (2007)
have proposed that WBV may affect propriocep-
tive feedback systems and certain neural elements
reducing cortisol production by the adrenal gland.

There is also a significant promotive effect of WBV
on prolactin in individuals with MS and irisin in
women with fibromyalgia. These results may be due
to rhythmic muscle contractions caused by vibration
stimuli, which have a similar effect to physical
exercise. Exercise is thought to stimulate prolactin
(Hackney et al. 2016) and irisin (Colaianni et al.
2017) release, and the extent of cortisol release seems
to vary based on the intensity of the exercise.

In addition, Lee et al. (2014) have found that
circulating irisin levels are positively associated with
shivering in humans exposed to cold conditions.
Shivering produces heat via involuntary muscle
contractions, suggesting that the rise in irisin likely
results from muscle release during thermogenesis.
WBY, which triggers forced muscle vibrations, may
replicate shivering and thus promote thermogenesis,
potentially accounting for the observed effects (Lee
etal. 2014).

Onthe other hand, studies showed no effect of WBV
on some hormones including insulin in patients with
obesity and T2DM (Behboudi et al. 2011; Bellia et al.
2014; Manimmanakorn et al. 2017; Tubic et al. 2019).
This outcome may be attributed to the insufficient
intensity or duration of traditional WBV training,
which may not be adequate to produce significant
changes. Additionally, in diabetic patients, these
findings could be due to all participants receiving
standard diabetes management, including dietary
guidance and medication, throughout the study.
Manimmanakorn et al. (2017) have suggested that
better results could be obtained from WBYV training
by increasing the duration of each training session,
increasing the frequency of sessions per week and
adding weights or performing dynamic exercises
during the WBYV training.

Santos et al. (2017) have also reported that
resistive exercises improve insulin action and glucose
hemostasis; however, resistance exercises are an active

form of training, therefore it is debatable whether
WBYV could induce the same effect as it is considered
a passive training modality. This may explain the
tendency of many investigators to add certain types
of dynamic exercises or positioning to WBV training
sessions.

Regarding PTH, studies showed no effect of
WBYV on PTH in individuals with end-stage kidney
failure. These results may explain that these subjects
had an elevated PTH level consequently to the renal
pathology. A frequent complication of renal failure is
increased PTH level resulting from disruptions in the
balance of calcium, phosphate, and vitamin D (Yuen
et al. 2016).

According to our results, there is no effect of WBV
on adiponectin in children with obesity and middle
aged obese patients (Bellia et al. 2014; Tubic et al.
2019). This may be a consequence of the limited role
of WBV on body fat, obesity, and body mass index.
Theodorou et al. (2015) have reported that WBV
induce mild physiological stress to the body as it is a
passive modality with a short session.

The lack of effect of WBV on estradiol, proges-
terone, and testosterone in patients with MS may be
due to the fact that these patients were undergoing
exogenous ovarian hormone therapy containing
estradiol and progesterone. Murgia et al. (2022) have
reported that estradiol and progesterone might have
a remyelinating and immunomodulating effects in
individuals with MS.

These results have coincided with Ahsan et al.
(2021) who have reported that the central regulation
of gonadal function is located within the hypo-
thalamus and the pituitary gland. Therefore, central
diseases in these areas may lead to irregular gonadal
hormone secretions and may lead to infertility.

Despite the testosterone close relation to muscle
mass, in MS, the muscle atrophy and weakness may
reduce the potential for WBV to stimulate testos-
terone production through muscle contractions (Yuki
etal. 2013). Couto et al. (2013) have also reported that
increasing exercise intensity results in a higher lactate
concentration, which is a precursor to the increase of
testosterone level.

The lack of effect of WBV on FSH and LH levels
in patients with MS may result from the fact that MS
may alter hormonal regulation due the effects of the
disease on the neuroendocrine-gonadal axis, which
regulates FSH and LH secretion. This disruption may
limit the responsiveness of hormone levels to external
stimuli like WBV (Ahsan et al. 2020).

Unchanged ghrelinandleptinlevelsin patients with
MS may be due to the fact that chronic inflammation
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is characteristic of MS. Inflammatory cytokines
may disrupt the signaling pathways involved in
the regulation of these hormones reducing their
sensitivity to WBV. MS also often leads to changes
in body morphology including increased fat mass
and reduced muscle mass. These changes can affect
how the body produces and responds to ghrelin and
leptin, potentially diminishing the impact of WBV.

Furthermore, WBV failed to induce any beneficial
effects on IGF-1 levels in females with fibromyalgia.
This could be attributed to the lack of sufficient
WBYV stimuli, as patients with fibromyalgia may be
incapable of performing the exercises at the required
intensity to stimulate IGF-1 secretion without exac-
erbating their symptoms (Jones et al. 2007). This
assumption is supported by the results reported
by de Alcantara Borba et al. (2020) who found that
only heavy load exercises induced changes in IGF-1
concentration. Bennett (2002) has also explained this
result by increasing somatostatin tone, which inhibit
growth hormone release, which is the catalyst to
IGF-1 secretion by the liver (Adamek and Kasprzak
2018; Bennett 2002).

Summary

Strengths of the study. To the best of our
knowledge, this is the first systematic review to
evaluate the efficacy of WBV training on hormonal
profiles across various pathological conditions. This
study highlights the potential of WBV as a non-inva-
sive complementary or alternative therapy to conven-
tional invasive treatments, particularly for patients
who cannot tolerate significant side effects.

Limitations. The current study may have the
following limitations. First, limited studies regarding
each specific disease and hormone met the inclusion

criteria limiting conclusions that could be drawn.
The heterogeneity between studies in terms of
populations, interventions, and outcomes precluded
quantitative synthesis. Second, is the variability of
the intervention parameters and participant char-
acteristics including the age and diagnosis. Addi-
tionally, only randomized controlled trails written
in English were included due to the inability of the
research team to comprehend any other languages.

Implications for clinical practice. Based on
the results of our study, WBV could be used as an
addition to standard pharmacological and non-
pharmacological treatments for individuals with MS,
obesity, fibromyalgia, and hypothyroid postmeno-
pausal individuals.

Recommendations for further research. Overall,
the findings of this systematic review suggest that
more investigations are required to reach a definitive
conclusion regarding the effects of WBV training
on hormonal levels in pathological conditions.
High quality randomized controlled trails are
recommended on each subgroup of the included
population with larger sample sizes and longer
durations of WBV training sessions and programs.

Conclusion

The findings of this review suggest that WBV
training may have a significant effect on hormonal
levels in pathological conditions. WBYV exercises have
a significant action in endocrine system as observed
by the alteration of plasma concentration of several
biomarkers including the stimulation of TSH, FT4,
FT3, prolactin, irisin, and inhibition of cortisol.
It is possible that long-term repeated vibration
could directly or indirectly affect the levels of other
hormones.

References

Abdel-Latif OS, Morsy MS, Gharib HO. Effect of whole body vibration on obese hypothyroid postmenopausal wom-

en. Med J Cairo Univ 89, 1951-1960, 2021.

Abrams KR, Gillies CL, Lambert PC. Meta-analysis of heterogeneously reported trials assessing change from base-

line. Stat Med 24, 3823-3844, 2005.

Adamek A, Kasprzak A. Insulin-like growth factor (IGF) system in liver diseases. Int ] Mol Sci 19, 1308, 2018.

Ahmed V, Marinova D. Study of the effect of massage therapy on serum cortisol concentration in a patient with
chronic stress. Eurasia Proc Health Environ Life Sci 16, 35-41, 2024.

Ahsan A, Khan A, Farooq MA, Naveed M, Baig MMFA, Tian WX. Physiology of endocrine system and related meta-
bolic disorders. In Endocrine disrupting chemicals-induced metabolic disorders and treatment strategies
(pp. 3-41). Cham: Springer International Publishing, 2020.

Alentorn-Geli E, Moras G, Padilla J, Fernandez-Sola J, Bennett R. M, Lazaro-Haro C, Pons S. Effect of acute and
chronic whole-body vibration exercise on serum insulin-like growth factor-1 levels in women with fibromy-

algia. J Altern Complement Med 15, 573-578, 2009.



SALMAN, et al. 205

Atamer Y, Sahbaz T, Asik HK, Sarac S, Atamer A. The relationship between serum leptin, insulin-like growth fac-
tor-1, and insulin-like growth factor binding protein-3 levels and clinical parameters in primary fibromyal-
gia patients. Rev Assoc Med Bras 69, €20230240, 2023.

Behboudi L, Azarbayjani MA, Aghaalinejad H, Salavati M. Effects of aerobic exercise and whole body vibration on
glycaemia control in type 2 diabetic males. Asian J Sports Med 2, 83-90, 2011.

Bellia A, Salli M, Lombardo M, D’adamo M, Guglielmi V, Tirabasso C, Giordani L, Federici M, Lauro D, Foti C,
Sbraccia P. Effects of whole body vibration plus diet on insulin-resistance in middle-aged obese subjects. Int
] Sports Med 35, 511-516, 2014.

Bennett RM. Adult growth hormone deficiency in patients with fibromyalgia. Curr Rheumatol Rep 4, 306-312, 2002.

Bidonde J, Busch AJ, van der Spuy I, Tupper S, Kim SY, Boden C. Whole body vibration exercise training for fibromy-
algia. Cochrane Database Syst Rev 9, CD011755, 2017.

Boron WEF, Boulpaep EL. Foundations of physiology. Medical Physiology (3rd ed.) Elsevier, 2, 2017.

Bosco C, Iacovelli M, Tsarpela O, Cardinale M, Bonifazi M, Tihanyi J, Viru M, De Lorenzo A, Viru A. Hormonal
responses to whole-body vibration in men. Eur ] Appl Physiol 81, 449-454, 2000.

Cardinale M, Soiza RL, Leiper JB, Gibson A, Primrose WR. Hormonal responses to a single session of wholebody
vibration exercise in older individuals. Br J Sports Med 44, 284-288, 2010.

Cashin AG, McAuley JH. Clinimetrics: Physiotherapy Evidence Database (PEDro) Scale. ] Physiother 66, 59, 2020.

Chen Z, Sharma-Ghimire P, Ye X, Kim D, Bemben M, Bemben DA. Acute effects of whole-body vibration and resis-
tance exercise on cortisol levels in young men. Int ] Exerc Sci 8, 11-20, 2015.

Colaianni G, Notarnicola A, Sanesi L, Brunetti G, Lippo L, Celi M, Moretti L, Pesce V, Vicenti G, Moretti B, Colucci
S, Grano M. Irisin levels correlate with bone mineral density in soccer players. ] Biol Regul Homeost Agents
31, 21-28, 2017.

Couto BP, Silva HR, da Silveira Neves SR, Ramos MG, Szmuchrowski LA, Barbosa MP. Acute effects of resistance
training with local vibration. Int J Sports Med 34, 814-819, 2013.

da Cunha Sa-Caputo D, Moreira-Marconi E, Costa-Cavalcanti RG, Domingos LL, Giehl PM, Paiva DN, Bernardo-
Filho M. Alterations on the plasma concentration of hormonal and non hormonal biomarkers in human
beings submitted to whole body vibration exercises. Sci Res Essays, 10, 287-297, 2015.

de Alcantara Borba D, da Silva Alves E, Rosa JPP, Facundo LA, Costa CMA, Silva AC, Narciso FV, Silva A, de Mello
MT. Can IGF-1 serum levels really be changed by acute physical exercise? A systematic review and meta-
analysis. ] Phys Act Health 17, 575-584, 2020.

DerSimonian R, Laird N. Meta-analysis in clinical trials. Control Clin Trials 7, 177-188, 1986.

Di Loreto C, Ranchelli A, Lucidi P, Murdolo G, Parlanti N, De Cicco A, Tsarpela O, Annino G, Bosco C, Santeusanio
F, Bolli GB, De Feo P. Effects of whole-body vibration exercise on the endocrine system of healthy men. ]
Endocrinol Invest 27, 323-327, 2004.

Dos Santos JM, Taiar R, Ribeiro VGC, da Silva Lage VK, Figueiredo PHS, Costa HS, Pereira Lima V, Sanudo B,
Bernardo-Filho M, Sa-Caputo DDC, Dias Peixoto MF, Mendonca VA, Rapin A, Lacerda ACR. Whole-body
vibration training on oxidative stress markers, irisin levels, and body composition in women with fibromy-
algia: a randomized controlled trial. Bioengineering 10, 260, 2023.

Ebrahimi A, Eftekhari E, Etemadifar M. Effects of whole body vibration on hormonal & functional indices in patients
with multiple sclerosis. Indian ] Med Res 142, 450-458, 2015.

Eftekhari E, Etemadifar M, Mostahfezian M, Zafari A. Effects of resistance training and vibration on hormonal
changes in female patients with multiple sclerosis. Neurol Asia 19, 1, 2014.

Follmann D, Elliott P, Suh I, Cutler J. Variance imputation for overviews of clinical trials with continuous response.
] Clin Epidemiol 45, 769-773, 1992.

GolackiJ, Matuszek M, Matyjaszek-Matuszek B. Link between insulin resistance and obesity-from diagnosis to treat-
ment. Diagnostics (Basel) 12, 1681, 2022.

Hackney AC, Davis HC, Lane AR. Growth hormone-insulin-like growth factor axis, thyroid axis, prolactin, and
exercise. Front Horm Res 47, 1-11, 2016.

Jabraeili M, Mirghafourvand M, Montazeri M, Farshi RM. The effect of massage on cortisol level in infants: A sys-
tematic review and meta-analysis. J Neonat Nursing 29, 720-727, 2023.

Jones KD, Deodhar AA, Burckhardt CS, Perrin NA, Hanson GC, Bennett RM. A combination of 6 months of treat-
ment with pyridostigmine and triweekly exercise fails to improve insulin-like growth factor-Ilevels in fibro-
myalgia, despite improvement in the acute growth hormone response to exercise. ] Rheumatol 34, 1103-1111,
2007.



206 Effect of whole-body vibration on hormonal response

Lee P, Linderman JD, Smith S, Brychta RJ, Wang J, Idelson C, Perron RM, Werner CD, Phan GQ, Kammula US,
Kebebew E, Pacak K, Chen KY, Celi FS. Irisin and FGF21 are cold-induced endocrine activators of brown fat
function in humans. Cell Metab 19, 302-309, 2014.

Manimmanakorn N, Manimmanakorn A, Phuttharak W, Hamlin M]J. Effects of whole cody vibration on glycemic
indices and peripheral blood flow in type II diabetic patients. Malays ] Med Sci 24, 55-63, 2017.

Murgia F, Giagnoni F, Lorefice L, Caria P, Dettori T, D’Alterio MN, Angioni S, Hendren AJ, Caboni P, Pibiri M,
Monni G, Cocco E, Atzori L. Sex hormones as key modulators of the immune response in multiple sclerosis:
a review. Biomedicines 10, 3107, 2022.

Ouzzani M, Hammady H, Fedorowicz Z, Elmagarmid A. Rayyan-a web and mobile app for systematic reviews. Syst
Rev 5, 210 2016.

Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, Shamseer L, Tetzlaft JM, Akl EA, Bren-
nan SE, Chou R, Glanville ], Grimshaw JM, Hrobjartsson A, Lalu MM, Li T, Loder EW, Mayo-Wilson E, Mc-
Donald S, McGuinness LA, Stewart LA, Thomas ], Tricco AC, Welch VA, Whiting P, Moher D. The PRISMA
2020 statement: an updated guideline for reporting systematic reviews. BMJ 372, n71, 2021.

Paineiras-Domingos LL, Sa-Caputo DDC, Moreira-Marconi E, Morel DS, da Fontoura Dionello C, Sousa-Goncalves
CR, Frederico EHFF, Marin PJ, Tamini S, Sartorio A, Bernardo-Filho M. Can whole body vibration exercises
affect growth hormone concentration? A systematic review. Growth Factors 35, 189-200, 2017.

Rajapakse CS, Mary B Leonard MB, Kobe EA, Slinger MA, Borges KA, Billig E, Rubin CT, Wehrli FW. The Efficacy
of Low-intensity Vibration to Improve Bone Health in Patients with End-stage Renal Disease Is Highly De-
pendent on Compliance and Muscle Response. Acad Radiol 24, 1332-1342, 2017.

Rigamonti AE, Haenelt M, Bidlingmaier M, De Col A, Tamini S, Tringali G, De Micheli R, L, da Cruz CRG, Bernar-
do-Filho M, Cella SG, A Sartorio A. Obese adolescents exhibit a constant ratio of GH isoforms after whole
body vibration and maximal voluntary contractions. BMC Endocr Disord 18, 96, 2018.

Roberge C, Carpentier AC, Langlois MF, Baillargeon JP, Ardilouze JL, Maheux P, Gallo-Payet N. Adrenocortical
dysregulation as a major player in insulin resistance and onset of obesity. Am ] Physiol. Endocrinol Metab
293, E1465-1478, 2007.

Sa-Caputo D, Taiar R, Martins-Anjos E, Seixas A, Sartorio A, Sanudo B, Amaral V, Lacerda A, Gomes-Neto M,
Moura-Filho O, Oliveira L, Sonza A, Bachur J, Bernardo-Filho M. Does the mechano-biomodulation vibra-
tion lead to biological responses on human beings? Ser Biomech 37, 3-17, 2023.

Santos JL, Lima AF, Marcal C, Araujo SS, Estevam C, Lima CA, Carvalho CR. Molecular mechanisms of muscle
glucose uptake in response to resistance exercise: A review. ] Exerc Physiol 20, 200-211, 2017.

Sparaco M, Bonavita S. The role of sex hormones in women with multiple sclerosis: From puberty to assisted repro-
ductive techniques. Front Neuroendocrinol 60, 100889, 2021.

Tachi ], Amino N, Miyai K. Massage therapy on neck: a contributing factor for destructive thyrotoxicosis? Thyroidol-
ogy 2, 25-27, 1990.

Theodorou AA, Gerodimos V, Karatrantou K, Paschalis V, Chanou K, Jamurtas AZ, Nikolaidis MG. Acute and
chronic whole-body vibration exercise does not induce health-promoting effects on the blood profile. ] Hum
Kinet 46, 107-118, 2015.

Tubic B, Zeijlon R, Wennergren G, Obermayer-Pietsch B, Marild S, Dahlgren J, Magnusson P, Swolin-Eide D. Ran-
domised study of children with obesity showed that whole body vibration reduced sclerostin. Acta Paediatr
108, 502-513, 2019.

Van Heuvelen MJG, Rittweger J, Judex S, Sanudo B, Seixas A, Fuermaier ABM, Tucha O, Nyakas C, Marin PJ, Taiar
R, Stark C, Schoenau E, Sa-Caputo DC, Bernardo-Filho M, van der Zee EA. Reporting guidelines for whole-
body vibration studies in humans, animals and cell cultures: a consensus statement from an International
Group of Experts. Biology (Basel) 10, 965, 2021.

Wagner AP, Chinnathambi S, Titze IR, Sander EA. Vibratory stimulation enhances thyroid epithelial cell function.
Biochem Biophys Rep 8, 376-381, 2016.

Yao Y, Erkamp N, Sneideris T, Yang X, Scrutton R, Schneider MM, Fischer CM, Schoenmakers E, Schoenmakers N,
Knowles TP]. Extracellular phase separation mediates storage and release of thyroglobulin in the thyroid
follicular lumen. Commun Biol 8, 466, 2025.

Yuen NK, Ananthakrishnan S, Campbell M]. Hyperparathyroidism of renal disease. Perm J 20, 15-127, 2016.

Yuki A, Otsuka R, Kozakai R, Kitamura I, Okura T, Ando F, Shimokata H. Relationship between low free testosterone
levels and loss of muscle mass. Sci Rep 3, 1818, 2013.



