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Abstract

INTRODUCTION: Previous research has examined the effects of exercise on
circulating miRNA (c-miRNA) expression. C-miRNAs have been associated with
exercise-induced adaptations for skeletal muscle hypertrophy and aerobic capacity in
humans, and angiogenesis in rats. Most studies evaluating miRNA expression post-
exercise have utilized either running, cycling, or resistance training, but no studies were
found where whole-body vibration was used in humans. Furthermore, evaluation of
miRNAs in the context of exercise and aging is also sparse in evidence in human
populations, especially postmenopausal women. Evaluating alterations in the expression
of c-miRNA may provide deeper insight into the positive effects of exercise in the
attenuation of the negative effects of aging. PURPOSE: The primary purpose of this
study was to characterize the effects of acute bouts of resistance exercise and whole-
body vibration on expression of selected c-miRNAs in postmenopausal women aged
65-85 years. The secondary purpose of this study was to determine if correlations exist
between baseline c-miRNAs and muscle strength and bone characteristics.
METHODS: Ten community-dwelling, postmenopausal women aged 65-85 were
recruited for the study. This within-subjects randomized crossover study design
compared the relative expression changes of c-miRNA from a bout of resistance
exercise and a bout of whole-body vibration. Dual x-ray absorptiometry (DXA) was
used to measure body composition and areal bone mineral density (BMD) of the total
body, AP lumbar spine, and dual proximal femur. Peripheral quantitative computed
tomography (pQCT) was used to measure volumetric values of BMD at the 4%, 38%,
and 66% sites. Participants performed resistance exercises in the following order: leg

press, shoulder press, lat pulldown, leg extension, and hip adduction. There were three

X



sets of 10 repetitions per exercise at 70% of 1RM with 2-3 min of rest between sets and
exercises. Participants performed vibration training on the Vibraflex Vibration
Platform. Each of 5 bouts were performed for one min at a 20 Hz frequency with a 3.38
mm peak-to-peak displacement and 1 min of rest between bouts. A blood sample of 7.5
ml was collected via venipuncture by a registered phlebotomist. Baseline samples were
collected between 8:00 and 9:00 a.m. after an 8h overnight fast and again immediately-
post, 60 min, 24 hrs, and 48 hrs after exercise to measure c-miRNA. After each draw,
two hematocrit tubes were filled from the serum separator tubes (SST) for measurement
of hematocrit (HCT) and plasma volume shifts. Samples were aliquoted and frozen at -
84 °C until shipped for analysis. MicroRNA quantification was performed by
TAmMIRNA Vienna, Austria for miR-21a-5p, -23a-3p, -133a-3p, -148a-3p. ANALYSIS:
Statistical analyses were performed using IBM SPSS Statistics (SPSS Inc., Chicago,
IL), version 24. Normality of dependent variables was assessed via Shapiro-Wilk tests.
Non-normal distributions were assessed with the Kruskal-Wallis test and Mann-
Whitney U tests. A two-way mixed-model repeated measures ANOVA [modality x
time] was used to assess changes across time between the two exercise modalities. For
significant modality x time interactions, one-way ANOVAs across time for each
modality with Bonferroni corrections was used for post-hoc pairwise comparisons.
Pearson’s r and Spearman’s rho rank correlation coefficient were utilized to determine
associations between microRNAs and muscle strength and bone variables for normal
and non-normal data, respectively. The alpha was set at p<0.05. RESULTS: Nine of 10
participants were highly active based on their IPAQ scores, none presented with

osteoporosis at any site, and two were considered sarcopenic based on one EWGSOP
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definition. There was a significant interaction for miR-21 (p=0.019) where the miRNA
decreased in expression from 60p to 24h after WBYV that did not occur after RE. There
were also multiple negative correlations between miRNAs and bone status variables
from DXA and pQCT that were logical based on miRNAs predicted targets, but those
correlations did not occur on both testing days. TRAP5b concentrations significantly
decreased 24h after exercise (p<0.01) even after correcting for plasma volume shifts
(p<0.01). CONCLUSIONS: Both resistance exercise and WBYV conditions suppressed
TRAPS5b concentrations by 24h. The miRNAs chosen for this study were expressed
well in all participants and across testing timepoints. There was wide variability in
expression and responses to exercise that may have been influenced by uncontrollable
environmental factors. Though pre-exercise miRNA expression was inconsistent, the
significant correlations between miRNAs that negatively affect bone and bone status
that were found had the expected negative associations. TRAP5b absolute changes were
not related to mMiRNA expression changes. Future studies investigating multiple exercise

modalities should take care to control for as many environmental factors as possible.
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Chapter 1: Introduction

Benjamin Franklin once wrote, “in this world nothing can be said to be certain,
except death and taxes.” (1) While death may ultimately be inevitable in the foreseeable
future, healthier living and modern medicine have managed to delay senescence
considerably in the last several decades (2). Unfortunately, our ability to live longer also
has increased the incidence of noncommunicable diseases such as heart disease and
cancer from chronic inflammation, osteoporosis from low bone mass, and sarcopenia due
to low muscle mass. This increase in disease in the elderly has increased healthcare costs
numbering in the billions of dollars (3). Future endeavors to reduce deterioration with
aging will require a better understanding of human genes, their expression (4), and how
expression can be favorably manipulated with interventions.

Recently, microRNAs (miRNAs) have emerged as potential biomarkers for aging
and various pathologies (5). MiRNAs are short, 18-25 nucleotides (nt), noncoding strands
of RNA that influence genes post-transcriptionally. They are typically negative regulators
of genetic expression by interfering with or destroying their associated messenger RNA
(mRNA) target (6). As we age, there is a progressive increase in cellular inflammation
termed “inflamm-aging” that is associated with decreased DNA repair mechanisms,
reduction of heat shock proteins, and reduced antioxidant capacity (7). MiRNAs may
potentially serve as biomarkers that can track the progression of inflamm-aging. Olivieri
et al. assessed miRNA profiles across various age groups and demonstrated that miR-21
increases with age and is associated with the anti-inflammatory TGFp (8).

Other miRNAs are associated with severe bone loss, termed “osteoporosis”.
Throughout the lifespan there is a constant process of both bone formation, via

osteoblasts, and bone resorption, via osteoclasts. With aging and menopause there is an
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imbalance where resorption rates are higher than bone formation with subsequent loss of
bone mass and increased risk of osteoporosis and fracture (9). The current gold standard
for diagnosis of osteoporosis is with dual-energy x-ray absorptiometry (DXA). Compared
with the mean of a young adult population, T-scores from -1.1 to -2.4 standard deviations
are considered osteopenic, and < -2.5 standard deviations is osteoporotic (10). While
DXA has high validity and precision, tracking of disease progression is limited due to the
long periods of time between scans necessary to detect changes. To assess the
relationship between osteoblast and osteoclast activity, it is possible to measure serum
levels of bone turnover markers, though they are not currently accepted for use in
diagnosing osteoporosis (11). Common bone formation markers include bone-specific
alkaline phosphatase (Bone ALP) and procollagen type | N propeptide (PINP).
Commonly studied resorption markers are tartrate-resistant acid phosphatase 5b
(TRAP5b) and carboxyterminal cross-linking telopeptide of bone collagen (CTX) (11).
An alternative option derived from serum, circulating miRNAs may provide an
alternative to the common bone markers that may better diagnose osteoporosis. Seeliger
et al. identified five miRNAs (miR-21, -23a, -24, -100, -125b) that were upregulated in
both serum and bone tissue of patients with osteoporosis and provided rationale for the
potential of mMIRNAS as a biomarker for the disease (12).

Aging is associated with gradual loss of muscle mass from loss of muscle fibers
and reduction in the cross-sectional area of remaining fibers and reductions in functional
strength. The loss of muscle mass and functional strength with age is termed “sarcopenia”
and has implications, especially in the lower limbs, can increase the risk for falls and

injury. Currently there are multiple approaches for diagnosing sarcopenia with varying



degrees of success in predicting falls (13). Diagnostic tests involve assessment of
appendicular lean mass with a DXA scan relative to height squared, with more current
definitions also utilizing a functional performance test like gait speed or muscle strength
(14-17). Potential serum markers investigated for sarcopenia include inflammatory
cytokines, anabolic hormones, and antioxidants, but these are not muscle-specific and
may not reflect the physiology of skeletal muscle (18). Recently, Margolis et al. (2016)
demonstrated a disparity in circulating miRNA (c-miRNA) expression after bilateral leg
press and knee extension exercise at 80% of one repetition maximum (1RM) for 3 sets of
10 between 9 young (mean 22 yrs) and 9 old (mean 74 yrs) men. The expression of miR-
19a-3p, -19b-3p, -20a-5p, -26b-5p, -143-3p, and 195-5p was upregulated in younger
participants and downregulated in older participants after acute bouts of resistance
exercise. The miRNAs reported are targets of phosphatase and tensin homolog (PTEN),
which inhibits the PI3K-Akt pathway. Increased levels of these miRNAs are indicative of
increased cellular protein synthesis and muscle hypertrophy (19).

Discussed further in Chapter 2, miRNAs may be implicated in several underlying
cellular processes. Those implicated within at least two of the three areas of interest
(inflammation, muscle, bone) were reviewed for prevalence in the literature. MiR-21, -
23, -133, and -148 have been shown to regulate processes within inflammation, muscle,
and bone and were chosen for analysis in this study. Table 1 provides examples for some
of the genetic targets for selected miRNAs and their predicted biological result within
each area of interest (bone, muscle, and inflammation). For bone, miR-21 inhibits Smad?7,
a protein that has downstream inhibition of the Wnt signaling pathway for osteoblast

differentiation. miR-21 also inhibits programmed cell death 4 (PDCD4) in osteoclasts,



leading to their increased survival. MiR-23 inhibits runt-related transcription factor 2
(RUNX2) and SATB2, both involved in osteoblast differentiation. MiR-133 promotes
bone resorption by inhibiting the inhibitors of osteoclastogenesis, CXCL11, CXCR3, and
SLC39AL1. Interestingly, increased miR-148 has negative impacts on bone status by
increasing osteoclastogenesis through targeting musculoaponeurotic fibrosarcoma
oncogene homolog B (MAFB) and also by directing mesenchymal stem cells toward an
adipocyte lineage instead of osteoblasts by targeting Kdméb (20).

Though aging is associated with decreased muscle mass and strength, and
increased bone resorption and whole-body inflammation, physical activity can attenuate
some of the negative effects of aging. Specifically, resistance exercise combined with
WABYV has been shown to increase muscle strength in postmenopausal women (21).
Chronic resistance exercise alone increases muscle strength (22, 23), improves BMD or
attenuates its loss (24), and reduces inflammation (7, 25, 26). WBYV also improves lower-
body muscle strength (27), attenuates or reverses bone resorption (28-30), and has been

shown to reduce inflammatory markers (31).



Table 1. Candidate miRNAs that Regulate Cellular Processes of Interest

miR-21-5p miR-23 miR-133a miR-148a
Inflammation
Gene/Pathway PTEN TAB2,3 UCP2 BMP2
Effect - TGFp (8) - Anti-inflammation (32) - inflammasomes (33) + inflammation (34)
Bone
Gene/Pathway Smad7, Wnt pathway ~ RUNX2 CXCL11 KDM6B, MAFB
Effect + OB differentiation - osteoblast differentiation ~ + OC differentiation (20) - OB differentiation
and mineralization (20) + OC differentiation (20)
(20)
Muscle
Gene/Pathway PDCD4 MAFbx SRF NRAS, ROCK1
Effect - PTEN (35) - myostatin (36) + myoblast proliferation - glucose uptake (38)
@37

- reduces; + increases; + can either reduce or increase; OB- osteoblast; OC- osteoclast; PTEN- phosphatase and tensin homolog;
TAB- TGF-beta activated kinase 1 (MAP3K7) binding protein 2; UCP- uncoupling protein; BMP- bone morphogenetic protein;
RUNX2- runt-related transcription factor 2; CXCL11- C-X-C Motif Chemokine Ligand 11; KDM6B- Lysine Demethylase 6B;
MAFB- V-maf musculoaponeurotic fibrosarcoma oncogene homolog B; PDCD4- programmed cell death 4; SRF- serum response
factor; ROCK1- rho associated coiled-coil containing protein kinase 1



From a genetic perspective, data characterizing circulating miRNAs during and

after exercise interventions is still in its infancy and illustrated by Figure 1. As of 2017,

there have only been 30 published reports covering the influence of exercise on c-

miRNA, with no exercise studies in elderly postmenopausal women nor WBYV in any

population to date (39). Aging research specifically may benefit from this line of

research, as sample collection from serum is non-invasive in a population where bone and

muscle tissue collection may be difficult (40). Exercise influences physiological

processes within various systems (41) and expression changes in c-miRNA may

potentially reflect the adaptations occurring within target tissues, though there is currently

limited evidence (40). With the ability of c-miRNA to be taken up by tissues (42),

expression in serum may also be indicative of a functional role in adaptations to exercise.

However, the paucity and inconsistent results in recent literature characterizing c-miRNA

and exercise responses make their use as exercise biomarkers less than ideal (43). More

exercise studies, such as this one, conducted in a variety of populations using various

modalities are needed to fully characterize c-miRNA expression responses to exercise

before they can be reliably used as biomarkers (43).
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Figure 1. MicroRNA Expression and System Changes with Aging




Significance

Previous research has examined the effects of exercise on circulating miRNA (c-
miRNA) expression. C-miRNAs have been associated with exercise-induced adaptations
for skeletal muscle hypertrophy (19, 44, 45) and aerobic capacity (46-48) in humans, and
angiogenesis in rats (49). Most studies evaluating miRNA expression post-exercise have
utilized either running, cycling, or resistance training, but no studies were found where
whole-body vibration was used in humans. Furthermore, evaluation of miRNAs in the
context of exercise and aging is also sparse in evidence in human populations, especially
postmenopausal women. Evaluating alterations in the expression of c-miRNA may
provide deeper insight into the positive effects of exercise in the attenuation of the
negative effects of aging.
Purpose

The primary purposes of this study were to: (1) characterize the effects of acute
bouts of resistance exercise and whole-body vibration on expression of selected c-
miRNAs in postmenopausal women aged 65-85 years (yrs), and (2) determine if there
was a correlation between exercise responses of c-miRNA and TRAP5b. The secondary
purpose of this study was to determine if correlations exist between baseline c-miRNAs
and muscle strength and bone characteristics.
Research Questions
The research questions of this study are as follows:

1. Isc-miRNA expression (miR-21-5p, -23a-3p, -133a-3p, -148a-3p) altered in
response to single bouts of resistance exercise or whole-body vibration in

postmenopausal women?



2. s there a correlation between c-miRNA expression pre- and post-exercise and

markers of bone resorption (TRAP5b)?

Hypotheses
1. C-miRNA-21, -23, -133, -148 will be downregulated in response to an acute bout
of resistance exercise or whole-body vibration IP. miR-21 will upregulate and
miR-133, -148 will return to baseline by 60p. miR-23 will downregulate 60p and

remain downregulated at 24h and 48h.

2. TRAPS5b absolute changes will be positively correlated with miR-21, -23, -133, -
148.
Sub Questions
1. Are there any correlations between pre-exercise c-miRNA and muscle strength

values and bone mineral density, geometry, or strength?

Sub Hypotheses
1. For miR-21, there will be an inverse correlation with bone characteristics and
muscle strength. miR-133 will have a positive correlation with muscle strength
and a negative correlation with bone characteristics. miR-148 will have an inverse
relationship with muscle strength, and bone characteristics. miR-23 will have an
inverse relationship with bone characteristics, but a positive association with

muscle strength.

Assumptions
1. Participants accurately completed their health screening questionnaire and other

guestionnaires.



2. Women accurately knew their menopausal status.

3. Participants were fasted for the blood draws.

4. Participants were adequately rested for at least 24h prior to blood draws and
exercise testing.

5. Participants gave a maximal effort when establishing muscle strength by the one
repetition maximum protocol.

6. MicroRNAs from circulation reflect tissue microRNASs responsible for
adaptations.

7. RNA spike-in controls accurately reflect gPCR quality.

8. Normalization strategies of quantification cycle values accurately reflect

expression of c-miRNA

Delimitations
1. Findings are only applied to healthy postmenopausal women not taking hormone
replacement therapy.
2. Participants with cancer, cardiovascular disease, or diabetes were excluded from
the study.
3. All baseline blood draws occurred between 8:00-9:00 a.m. to avoid the

confounding effects of circadian rhythm.

Limitations
1. Participants were volunteers and may not represent all postmenopausal women.
2. This study did not look at mMRNA of target genes to determine cause-effect of

miRNA expression changes.



3.

4.

Participants were not directly monitored outside the study for diet and physical
activity 24h before testing.

Physical activity status was not controlled for.

Operational Definitions

1.

Areal Bone Mineral Density (aBMD, g/cm?): The amount of bone mineral per
unit of two-dimensional projected area (50).

Bone formation: The building of new bone by osteoblasts (11).

Bone Mineral Content (BMC, mg): also called bone mass; the amount of mineral
mass measured in a bone, bony area, or the body in grams (47).

Bone-specific alkaline phosphatase (Bone ALP): glycoprotein found on the
surface of osteoblasts and reflects their biosynthetic activity (11).

Bone Strength Index (BSI, mm?): The density weighed polar section modulus of
given bone cross-section. Provides a measure of compressive strength at the
metaphysis (51).

Bone turnover: The amount of bone or the fraction of it that is replaced by new
bone (3).

Bone turnover markers (BTMs): Enzymes reflecting bone metabolic activity or
bone matrix degradation products released into the circulation during bone
resorption (40).

Bone resorption: The breakdown of bone tissue by osteoclasts (40).

Bone Strength Index (BSI): BMD(g/cm?®) x CSMI(mm?), integrates both the
material and structural properties of bone. BSI has been shown to be a better

predictor than BMD or BMC alone for long bone strength (52).

10



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Buckling Ratio: an index of susceptibility to local cortical buckling under
compressive loads derived from a DXA image (53).

Carboxyterminal cross-linking telopeptide of bone collagen (CTX): degradation
product of type I collagen from resorption (3).

Cortical Area: Pixelated area of tissue above 710mg/ml that denotes cortical bone
(54).

Cortical bone: bone that is 80-90% calcified and provides mechanical and
protective functions for the body (50).

Cortical Thickness: Cortical distance (mm) between the endosteum and the
periosteum.

C-telopeptide of Type I collagen cross-links (CTX): Bone resorption marker
measurable in serum that detects degradation of type I collagen (50).
Cross-Sectional Moment of Inertia (CSMI): Derived from bone density and
geometric models, provides an estimation of the resistance of bone to bending
(55).

Endosteal circumference: Inner membrane that surrounds the medullary cavity,
measured by distance (mm) (51).

Inflammation: Part of the complex biological response of tissues to harmful
stimuli. The function is to eliminate the initial cause of cellular injury and initiate
tissue repair (56).

Menopause: Cessation of menstruation, usually occurs at 48-50 yrs of age in

healthy women (9).

11



20.

21.

22.

23.

24,

25.

26.

217.

28.

29.

30.

MicroRNA (miRNA, miR): Short, non-coding, single-stranded RNA molecules
made of 18-25 nucleotides that negatively regulate protein expression (42).
Muscle cross-sectional area (MCSA, mm?): Area of a muscle that correlates to the
muscle’s force production capabilities, measured in situ by pQCT (29).
One-repetition maximum (1RM): the highest weight for a given lift that can
successfully be lifted one time with proper technique (57).

Osteoblast: Bone cell responsible for bone formation (9).

Osteoclast: Bone cell responsible for bone resorption (9).

Osteocyte: A mature bone cell, formed when an osteoblast is embedded in bone
matrix; comprises 90-95% of all bone cells (9).

Osteoporosis: BMD T-score more than 2.5 SD below the young adult reference
value. Bone is fragile and fracture risk is increased (50).

Peripheral Quantitative Computed Tomography (pQCT): A device that measures
cortical and trabecular volumetric BMD (vBMD), bone geometry and SSI, which
gives a three-dimensional description of bone composition as opposed to the two-
dimensional view from DXA (51).

Periosteal circumference: The measurement around the periosteum, or the outer
layer of bone, at a given site and measured by distance (mm). It is an indicator of
bone size and related to bone strength (51).

Polar Moment of Inertia (iPolar): represents the ability of the bone to resist
torsion (55).

Procollagen type | N-terminal propeptide (PINP): A bone formation marker that is

derived from the cleavage of type I procollagen molecules (11).
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31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Reverse Transcription Quantitative Polymerase Chain Reaction (RT-q-PCR): A
technique which monitors the amplification of targeted DNA or cDNA molecules

during PCR in real-time.

Sarcopenia: Skeletal muscle mass index more than 2 SD below the reference

population (58).

Skeletal Muscle Mass Index (SMI, kg/m?): appendicular lean muscle mass (kg)
divided by height squared (m?).

Strength Index: Hip-structural analysis variable that is an index of resistance to
axial forces (53).

Section Modulus: Hip-structural analysis variable (cm®) that is an index of
strength in bending (53).

Stress Strain Index (SSI, mm3): A cortical density weighed section modulus of the

bone. It gives a measure of bending and torsional strength of diaphyseal sites.

Tartrate-resistant acid phosphatase 5b (TRAP5b): secreted into the circulation by

osteoclasts during bone resorption and reflects osteoclast number (11).

Trabecular bone: Cancellous, spongy bone that encloses spaces filled with bone
marrow, blood vessels, and connective tissue and is only 10-20% calcified.
Fulfills metabolic functions for the body (50).

T-score: Standard deviation units in relation to the average of healthy Caucasian
young females (50).

Transforming growth factor f (TGFp): regulates immune responses (59).
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41. Volumetric Bone Mineral Density (vBMD, g/cm®): Bone mineral content per
cross-sectional area of a bone (60).
42. Z-score: Standard deviation units above or below the average of age, weight,

gender, and ethnicity-matched populations.
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Chapter 2: Literature Review

The primary purposes of this study were to: (1) characterize the effects of acute
bouts of resistance exercise and whole-body vibration on expression of selected c-
miRNASs in postmenopausal women aged 65-85 yrs, and (2) determine if there was a
correlation between exercise responses of c-miRNA and TRAP5b. The secondary
purpose of this study was to determine if correlations exist between baseline c-miRNAs
and muscle strength and bone characteristics.
Introduction

Aging is associated with loss of skeletal muscle and bone, and an increase in
inflammation. Exercise in postmenopausal women (PMW) attenuates the loss of skeletal
muscle and bone and can reduce inflammation. The purpose of this review was to
examine the current evidence concerning aging and inflammation, skeletal muscle, and
bone, and the current understanding of how resistance exercise (RE), whole-body
vibration (WBV), and microRNAs (miRNAs) may affect, or be associated with, these
systems in postmenopausal women. The literature is presented in the following sections:
1. MicroRNA Physiology 2. Age-Related Inflammation, 3. Aging and Skeletal Muscle, 4.
Aging and Bone 5. Summary.
MicroRNA Physiology

MicroRNAs (miRNA) are short, non-coding segments of RNA 20-24 nucleotides
(nt) in length. They are initially transcribed by RNA polymerase 1l from the introns of
messenger RNA (mRNA) in the nucleus to form primary miRNA, which is folded and
contains a hairpin structure. The enzyme complex containing Drosha and DiGeorge
syndrome critical region 8 (DGCRS) edit the primary miRNA to pre-miRNA. Pre-

miRNA is transported to the cytoplasm via Exportin-5. Once in the cytoplasm, the pre-
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miRNA is bound to an Argonaut protein. The enzyme, Dicer, cleaves the hairpin
structure of the pre-miRNA to form a miRNA duplex. One strand of the duplex
disassociates and is degraded. The remaining strand, now a mature miRNA, bound to the
Argonaut protein forms the RNA-Induced Silencing Complex (RISC). The RISC
complex negatively regulates protein translation post-transcription by selectively binding
nt 2-9 to the 3 untranslated region of MRNA. Binding to mRNA either interferes with
protein translation or leads to the degradation of the mRNA (61). As of this review, there
are currently 1917 miRNAs sequenced in humans on miRbase.org. Multiple RNAs are
targetable by a single miRNA, and greater than 60% of human genes are affected by them
(62). Typically only a few miRNAs are expressed for a given tissue (63) so the presence
of c-miRNAs gives a basis for use as biomarkers for various tissue and physiological
systems.
Age-related Inflammation

The word ‘inflammation’ is derived from the Latin word ‘inflammare’ (to set
fire). It is believed to be the non-specific immune response that occurs in reaction to any
type of bodily injury and may lead to increased blood flow and elevated cellular
metabolism (56). Acutely, inflammation is beneficial for neutralizing harmful stimuli in
young age, however, the effects of chronic inflammation in later years can be detrimental
with increased risk of diseases such as cardiovascular disease, some cancers, and
neuromuscular disorders (64, 65). Health outcomes are affected by the balance between
pro- and anti-inflammation status. As we age, there is an imbalance with a shift towards a
pro-inflammatory status as measured by increases in markers like tumor necrosis factor

alpha (TNF-a), C-reactive protein (CRP), and many of the inflammatory interleukins (7).
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Exercise has been shown to have a positive effect on inflammatory status and may help
ameliorate the progression of inflammation-related diseases (25, 66).
Resistance Exercise Effects on Inflammation

One of the potential methods to combat the inflammatory effects due to aging in
postmenopausal women is using RE for 16 weeks as an intervention. Nunes et al. (2016)
sought to determine the effects of high or low volume resistance training in PMW aged
54-68. Thirty-two participants were divided into a low volume (n=10), high volume
(n=11), or a control group (n=11). The two exercise groups performed the squat, leg curl
and extension, bench press, rows, pull downs, arm extensions and curls at 70% of 1RM
for 8-12 repetitions and three sets for the low volume or six sets for high volume. Authors
reported both exercise groups improved strength values and percent body fat, but the high
volume group was the only one to show a significantly lower waist to hip ratio and a
reduction in interleukin (IL)-6 (26).

Other biomarkers for inflammation are the appetite suppressing hormone, leptin,
and resistin. Leptin has been linked to inflammation through its downstream activation
and synthesis of IL-6, IL-1, IL-12, and TNFa (67). Resistin, which has been linked to
insulin resistance and cardiovascular disease, is involved in the synthesis of TNF-a, IL-
lao, and IL-1B, among others (68). In postmenopausal women, resistance exercise in 35
(mean 63 yrs) previously sedentary participants improved markers of inflammation.
Training consisted of barbell bench press, 45-degree leg press, seated row, knee
extension, lateral raise, knee flexion, arm extension, hip adduction and abduction, arm
curl, and standing calf raise. Progression for 16 weeks was periodized for strength with

beginning weeks having more repetitions with lighter weight and gradual increasing
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weight while reducing repetitions. Results showed increased muscular strength for 1IRM
in the bench press (6.5kg), leg press (53kg), and arm curl (2kg). For inflammatory
markers, there were decreases in IL-6, leptin, and resistin, but no change in TNFa or IL-
15. In this study, resistance exercise showed evidence of benefit for improving muscular
strength and reduction of some inflammatory markers (69).

Rodriguez et al. (2014) sought to determine the effects of RE on Toll-like receptor
2 (TLR2) and 4 (TLR4) expression. These receptors are linked to downstream activation
of pro-inflammatory responses. Males and females (aged 65-78) participated twice a
week in an 8-week resistance training program. Three exercises were used; leg press,
biceps curl, and pec deck with the highest intensities for the last two weeks reaching 80%
of 1RM for 3 sets of 10 repetitions. Results showed an increase in 1RM strength of all
three exercises for the training group, as well as maximal voluntary isometric
contractions. There was also a decrease in TLR2,4, IL-6, and CRP, another inflammation
marker (70).
Whole-Body Vibration Effects on Inflammation

Rodriguez et al. (2015) also sought to determine the effects of WBV on TLR2 and
TLR4 expression in elderly males and females with an average age of 70 yrs. Twenty-
eight participants were divided into a control group (n=12) and an exercise group (n=16).
The exercise group was involved in an 8-week program twice a week with exercises on
the vibration platform that included static or dynamic exercises consisting of a half squat,
deep squat, and a wide-stance squat with two sets per exercise progressing from 30
seconds up to 1 min throughout the 8-week period. Interestingly, the WBV group had

both higher levels of IL-10, an anti-inflammatory cytokine and decreased expression of
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TLR2,4. Additionally, CRP levels and TNFa were also decreased. The authors stated that
WBY elicited similar benefits for inflammation to RE and aerobic training (31).
Inflammation-Related MicroRNAs

A potential insight into human aging may be through the observance of
microRNA expression throughout the lifespan. Hooten et al. (2013) collected peripheral
blood mononuclear cells (PBMC) in young (~30 yrs) and old (~64 yrs) white and black
American males and females. Expression level differences between age groups were
noted and compared to young and old rhesus monkeys. miR-151a-5p, -181a-5p, and -
1248 were downregulated in older humans and monkeys. Target analysis predicted mir-
151a-5p to be a central mediator for NFk-B, which is involved in an inflammatory
response, among other contributions. miR-181a-5p targets mMRNAs that translate several
inflammatory cytokines including IL-a, ,6,8,10 TNFa, and TGFp. In the Hooten study,
there was a negative correlation between miR-181a-5p expression and pro-inflammatory
IL-6 and TNFa levels and a positive correlation with anti-inflammatory IL-10 and TGFp.
miR-1248 has predicted targets for IL-6 and IL-8 and may be involved in mediating DNA
repair pathways (71).

Other research by Olivieri et al. (2012) has sought to utilize miRNAs as
biomarkers for inflammation and aging. Eleven participants from a subset of the Italian
National Research Center on Aging were sampled for a microarray to determine
expression throughout the lifespan. Three groups consisting of four young (20 yrs), four
octogenarians, and three centenarians were used for serum analysis. Of the miRs
analyzed, miR-21 met the researchers’ criteria for explaining a significant bulk of

variance in their three factors. Young individuals possessed the lowest levels, with miR-
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21 increasing with the octogenarians. Interestingly, the centenarians had lower levels
comparable to the young group and significantly lower than octogenarians. Due to low
numbers included in analysis, 111 further samples throughout similar age ranges were
used to validate evidence and showed no difference between men and women. The
offspring of centenarians were also compared to age and sex matched controls and
showed lower levels of miR-21. MiR-21 has multiple targets, one being the anti-
inflammatory TGFp. The study suggests that as we age, miR-21 levels rise, as does the
level of inflammation. There is however, a genetic component with some expressing
lower levels of miR-21, with subsequent less inflammation across their lifespan (8).

A recent commentary reported over MiR-146a studies in relation to inflammation
and osteoarthritis. This miRNA affects TRAF6 and IRAK1, both mediators of
inflammation through NF-kB. In the cell model, osteoarthritis and normal chondrocyte
cells were manipulated for miR-146a expression. It was found that high levels of miR-
146 reduced chondrocyte apoptosis, increased proliferation, and reduced NF-xB
expression. The authors make a case for the therapeutic potential of miR-146a in the
treatment of osteoarthritis (72).

Aging and Skeletal Muscle

Loss of skeletal muscle with aging is the result of several factors. There is a
decrease in the total number of muscle fibers, with some fibers associated with
chronically denervated motor units, undergoing apoptosis (73). This occurs primarily in
type Il fibers. Some of the orphaned type Il fibers are reinnervated by type | motor units,
with a shift in fiber type expression to resemble a type | fiber. This makes the type 11

fiber more fatigue resistant, but with smaller cross-sectional area and less strength and
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power capability (74). The composition of aging skeletal muscle also shifts, with
increased intramuscular fat deposition (75). Physical activity can attenuate the loss of
skeletal muscle with aging and improve body composition and force production (76).
Resistance Exercise Effects on Skeletal Muscle

The body of literature indicates that resistance exercise is beneficial for improving
muscle strength and improving physical function, regardless of age or gender (77), and
there is a dose-response for amount of volume with higher volumes of prescription
improving strength and hypertrophy, even in persons over 50 yrs age (22, 78).

Oliveira et al. (2015) examined the effects of 12 weeks of resistance training in 22
postmenopausal women (mean 65 yrs). Training took place 3 times/week and included
chest press, knee extension, hamstrings curl, leg press, hip abduction, seated row,
shoulder abduction, and plantar flexion. Their results demonstrated increases in isokinetic
strength, improvements in body composition with reduced central adiposity, and reduced
LDL cholesterol levels. There were no improvements in resting blood pressure, CRP, or
changes in HDL. The authors state that resistance exercise is an important component of
physical activity programs for the elderly (79).

Teixeira et al. (2003) assessed the effects of one year of resistance training in
postmenopausal women (mean 55 yrs), who were either taking hormone replacement
therapy (HRT) or not. HRT users (n=119) and nonusers (n=114) were divided into
exercise or non-exercise groups. The exercise group trained three days per week and
included resistance exercise (leg press, hack squats or smith squats, lat pulldowns, lateral
rows, back extensions, right- and left-arm dumbbell presses, and rotary torso) for 2 sets

of 6-8 repetitions at 70-80% of 1RM and moderate impact activities (skipping, stairs/step
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boxes with weight vest). Body composition, measured by DXA, showed increases in lean
mass and decreases in leg fat mass, regardless of HRT status. HRT had no effect in the
exercise group, though the HRT non-exercise group avoided loss of lean tissue compared
to the non-exercise non-HRT group. Strength was also unaffected by HRT status, with
both exercise groups’ improvements being comparable (23).

Whole-body Vibration Effects on Skeletal Muscle

A meta-analysis of the effects of WBV on leg strength and BMD of the hip and
lumbar spine was conducted by Lau et al. (2011). Participants from 18 included studies
had mean ages ranging from 57-82 yrs with 7 analyzing only PMW. Frequency of WBV
ranged from 1-7 days for six weeks to 18 months, utilizing vertical or oscillating
vibrations. Vibration signals ranged from 10-54 Hz and amplitudes ranged from 0.05-8
mm. Different exercises were used including static and isometric partial squats and
lunges. While the meta-analysis did not provide evidence for increased BMD at the
lumbar spine or hips in postmenopausal women specifically, muscle strength
improvements were similar between studies. There is benefit for knee extension dynamic
strength, leg extension isometric strength, and improved functional capacity with results
comparable to resistance training. The analysis was unable to determine which protocol
or device most improves leg strength (27).

Bemben at al. (2010) assessed the effects of resistance exercise and resistance
exercise in conjunction with WBV in 55 postmenopausal women aged 55-75 yrs over the
course of 8 months. Resistance exercise strength testing consisted of supine two leg
press, hip flexion, hip extension, hip abduction, hip adduction, seated military press, lat

pull down, and seated row. Exercise were performed at 80% of 1RM for three sets of ten
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repetitions. WBYV consisted of high frequency and low amplitude for three conditions
associated with corresponding resistance exercises. Generally, 1RM values increased
from pre to post exercise for all 1RM tests and for both exercise conditions. It was also
reported that WBV in addition to resistance exercise improved upper body strength and
hip abduction and adduction variables beyond that of resistance exercise alone. There
were no changes reported for bone turnover markers nor was there a change in BMD for
the exercise groups (21).
Muscle-Related MiRNAs

Cui et al. (2017) assessed the time-course of c-miRNA expression from three
different resistance exercise protocols in 45 young men (15 each). The three protocols
consisted of five exercises: bench press, squat, pulldown, overhead press and standing
dumbbell curl and were performed at different volumes and intensities. The strength
endurance (StE) group performed three sets of 16-20 repetitions at 40% 1RM with one-
min rest intervals. The muscular hypertrophy (MH) group performed three sets of 12
repetitions at 70% of 1RM with two-min rest intervals. The maximum strength (MaxS)
group performed four sets of six repetitions at 90% of 1RM with three-min rest intervals.
Blood sampling occurred pre, IP, 1h, and 24h after exercise. For the StE group, miR-532
increased 1h post exercise and remained elevated 24h later while miR-208b decreased
immediately post (IP) and remained depressed. The MH group showed miR-133a
decrease IP and return to baseline 1h later. MiR133b was significantly increased 24h post
and miR-206 peaked 1h post and return to baseline 24h later. MiR-21 expression was
diminished IP, and elevated to peak expression 1h post. For the MaxS group, miR-133a

significantly decreased expression IP and returned to baseline 1h post. Mir-133b
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increased expression from IP tolh post. The authors concluded that miR-133a may be a
potential biomarker of physiological muscle strain for RE at very high intensities (90%
1RM). The changes seen in miR-21 may be indicative of an initial pro-inflammatory
response, followed by an anti-inflammatory response. Of note, miR-146a did not respond
to any RE protocol in young men, unlike acute endurance exercise (80).

MicroRNAs are involved in the regulation of hypertrophy and other muscular
adaptations. D’Souza et al. (2017) observed the effects of an acute resistance exercise
bout on the expression of microRNAs in muscle tissue and plasma in 9 healthy young
males. Subjects performed 6 sets of 8-10 repetitions for leg press and 8 sets of 8-10
repetitions for knee extension. Samples were collected pre, 2hrs, and 4hrs post-exercise.
From skeletal muscle biopsy, miR-133a, -206 increased 2h post and miR-146a increased
4h post. MiR-23a decreased 2h post and further decreased 4h post. Of the c-miRNA, only
miR-133a and -149 were elevated from baseline, while miR-1, -208a, and -499 were
undetected. From both samples, only miR-133a had increased expression and may serve
as a marker for muscle damage (81). MiR-146a has shown a decrease after RE, however
the reduced expression was only seen after three days (82).

MicroRNA expression changes from exercise may be attenuated due to aging.
Margolis et al. (2016) measured the adaptive response to chronic resistance exercise
between 9 younger (mean 22 yrs) and 9 older men (mean 74 yrs). Three miRNAs, miR-
19b-3p, -206, -486, significantly predicted age. Ten c-miRNA were upregulated after
exercise in the younger group and downregulated in the older group. Of those ten, six

(miR-19a-3p, -19b-3p, -20a-5p, -26b-5p, -143-3p, -195-5p) were associated with
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inhibition of the PI3K-Akt pathway which would increase activation of the Akt-mTOR
pathway and increase cellular protein synthesis (19).

Uhlemann et al. assessed c-miRNA expression changes of miR-126 and miR-
133a as markers for muscle damage in varying modalities of exercise. Participants
performed bouts of maximal cycle testing, 4hrs of cycling below the anaerobic threshold,
a marathon race, and eccentric resistance exercise consisting of lat pulldown, butterfly
and leg press. The endurance tasks increased miR-126 but not resistance exercise. The
authors concluded that miR-126 reflected damage to endothelial tissue in response to
endurance activities. miR-133 may reflect muscle damage as it only increased expression
in response to exercise modalities that contain eccentric components like marathon
running and eccentric resistance exercise, but not in either cycling protocol (83).

Sawada et al. assessed miRNA responses in 12 young men (~29 yrs) performing
bench press and bilateral leg press. Participants performed five sets of ten repetitions at
70% 1RM and had serum samples taken before, immediately after, 60 min, 1 day, and 3
days after exercise. There was no significant change for miR-133 nor miR-21 post-
exercise, only downregulation of miR-146a and miR-221 three days post-exercise and
upregulation of miR-149a 24h post-exercise. Mir-21 had a weak positive correlation with
the catecholamines, epinephrine and norepinephrine, and testosterone and IGF-1 were
weakly positively correlated with miR-222 (82).

Aging and Bone

In women, bone accrual peaks between 20-30 yrs (84). Bone mineral density

(BMD), measured by DXA, steadily declines after peak accrual (85), with accelerated

loss of trabecular bone after menopause (86). Of interest, loss of BMD occurs in weight-
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bearing areas of the spine (~42%) and femur (~58%) and may lead to increased fracture
risk (87). Bone may also be assessed by computed tomography to give a noninvasive
measurement of bone quality. Riggs et al. (2008) assessed bone quality in the lumbar
spine, distal radius, and distal tibia in participants aged 20-97. They found decreased
trabecular vBMD starting in young adulthood, and the loss was independent of sex
steroid levels. Cortical loss did not occur until later in life and was associated with lower
levels of free sex steroids. Trabecular bone loss was greatest in the lumbar spine, and
women typically lose more bone mass than men, especially during the menopausal
transition (88). There are various options to attenuate bone loss in women, including
HRT, supplementation with calcium and vitamin D (89, 90), and exercise. HRT is widely
accepted as a beneficial preventer of osteoporosis with low absolute risk of cancer
attributed to HRT (91).
Resistance Exercise Effects on Bone

A meta-analysis conducted by Zhao, Zhao, and Xu analyzed the body of literature
concerning chronic resistance exercise and bone health status in postmenopausal women.
The 24 studies included in the analysis were either controlled or randomized controlled
trials in healthy, postmenopausal women without pharmacological treatment or a disease
history that impacts bone metabolism. The studies included subjects that did not regularly
exercise and protocols were compared with non-exercise controls or sham protocols.
Study durations ranged from six months to 12 yrs and 14 of the studies were resistance-
alone protocols while the other ten were clinical trials. A total of 924 postmenopausal
women underwent exercise interventions, compared to 845 controls. The analysis did not

find a significant improvement in BMD from resistance training alone, however
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combination training that included resistance exercise and high-impact or weight bearing
exercises did improve BMD in the hip and spine of postmenopausal women (92).

The beneficial effect of resistance exercise on bone in postmenopausal women
was evaluated by Kerr at al. (2009) using DXA. 126 women who were more than 5 yrs
resistance untrained were divided into a strength, fitness, or control group. The strength
group performed exercise three days/week with three sets of eight repetitions and gradual
progression of weight throughout the 24 months. The fitness group performed similar
exercises, but each exercise was performed with minimal load for 40 seconds with 10
seconds of rest between exercises and little progression of weight throughout the
program. The fitness group also performed some moderate-intensity cycling. RE
consisted of wrist curl, reverse curl, biceps curl, triceps pushdown, hip flexion, hip
extension, latissimus dorsi pull down, and calf raise. The only positive increase in bone
variables occurred in the RE group with increased BMD in the intertrochanter (0.7%) and
total hip (0.57%) compared to the other two groups. Circuit training performed by the
fitness group did not show the same benefit for BMD in the hip (24).

Gombos et al. (2016) assessed acute bone turnover marker changes in
osteoporotic or osteopenic females. Three groups of 50 women each (mean 58.5 yrs)
were divided into a RE group, a walking group, and a control group. RE consisted of
bodyweight exercises with some exercises utilizing intermittent isometric holds (2
seconds). Examples included plank variations, lunges, and use of resistance bands. The
walking group performed brisk walking at 100 steps/min for 46 min. Bone turnover
markers analyzed were Bone ALP, CTX, and sclerostin. ANOVA results from pre to IP

exercise showed no change in Bone ALP for any group. CTX decreased 27pg/ml in the
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RE group, but did not significantly change for the other two. Sclerostin levels increased
in the RE and walking groups by 2.9 and 6.3pmol/L, respectively with the walking group
increasing levels above RE significantly. The results show that acute reductions in CTX
from RE may help reduce bone resorption in osteopenic/osteoporotic postmenopausal
women (93).

Vincent and Braith (2001) assessed bone turnover responses in 62 elderly men
and women from both high and low intensity exercise after a six-month training protocol.
Exercises consisted of leg press, leg curl, knee extension, chest press, seated row,
overhead press, triceps dip, and biceps curl. Participants were not separated by gender for
analysis. Both groups increase muscle strength in each exercise compared to control.
BMD values remained unchanged, except for an increase in femoral neck BMD for the
high intensity group. Osteocalcin and bone-specific alkaline phosphatase significantly
increased for the high intensity group, and only osteocalcin increased for the low
intensity group (94).

Whole-Body Vibration Effects on Bone

A meta-analysis concerning WBYV in postmenopausal women was conducted by
Oliviera et al. (2016). In the analysis, 15 studies were included and took into
consideration the type of device being used, either synchronous or side-alternating
vibration. It also considered positioning of participants, frequency, and magnitude. Side-
alternating devices were found to have a significant effect on BMD of the lumbar spine
and trochanter, while synchronous vibration did not. It was also determined that semi-
flexed knees significantly improved BMD, while extended knees did not. For the

manipulation of frequency and magnitude, it appears that low frequency and high
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magnitude are the most beneficial for improving BMD in the lumbar spine and trochanter
(30).

Bone turnover responses from WBYV were assessed in postmenopausal women by
Turner et al. (2011). Participants (mean 60 yrs) were divided in three groups: control
(n=16), one day/week (n=14), 3 days/week (n=16). Vibration consisted of low- frequency
(12Hz), low magnitude (0.5mm peak-to-peak) and subjects stood on the plates with knees
extended. Results showed no change in the bone formation markers, B-ALP, but
significant decreases in the resorption marker, NTx/Cr (95).

In 2015, Kiel et al. published results from a 2-year WBYV intervention in 174
elderly men and women (>60 yrs). WBV consisted of low-magnitude mechanical
stimulation with participants’ knees straight for one dose of ten min per day every day of
the week. No change was seen for BMD nor for PLNP or CTX. Of note, there was no
loss of bone (28).

Bone-Related MicroRNAs

Chen et al. assessed circulating miRNAs in 75 postmenopausal women aged 60-
85 yrs based on osteoporosis and sarcopenia status. DXA measures were used to classify
bone status, while muscle status was quantified with DXA and functional tests of grip
strength, gait speed, and jump power. They measured miR-1-3p, -21-5p, -23a-3p, -24-3p,
-100-5p, -125b-5p, -133a-3p, -206, miRNAs associated with targets in muscle and bone,
and also the bone resorption markers CTX-1 and TRAP5b. There were no significant
differences in c-miRNA expression between osteoporotic and non-osteoporotic and
sarcopenic and non-sarcopenic participants, but there were potentially biologically

relevant differences in fold changes of miR-21 and miR-23 between the higher expressed
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osteoporotic and the non-osteoporotic group. The osteoporotic group also had lower fold
changes of miR-125. Also, miR-21 was negatively correlated with trochanter BMC, miR-
23 had a low positive correlation with TRAP5b, and miR-125 was positively associated
with jump velocity and power (96).

Very recently a study was published on the effects of high-intensity repeated
sprints on the expression of fracture-risk associated miRNAs. Eighteen physically active
males (mean 24 yrs) underwent 18 repeated sprints at maximum velocity for 15 meters
with 17 seconds of active recovery between bouts three days/week for eight weeks.
DKKT1 levels decreased at the four-week mark, but returned to baseline by eight weeks.
Sclerostin significantly decreased in the exercise group at the eight-week mark. The
results also showed no changed in miR-21-5p compared to controls, while miR-23a-3p
and miR-24-3p decreased after four weeks and remained depressed after eight weeks.
The authors concluded that high-intensity sprint training showed decreased expression of
miR-23a-3p, -24-3p, -100, all c-miRNA that have been implicated in fractures (97).

As mentioned previously, microRNAs may serve as biomarkers for osteoporosis.
Wang et al. (2012) measured miRNAs in circulating monocytes in 20 postmenopausal
women. The cohort was dichotomized into high and low BMD groups and compared for
expression levels. Of the miRNAs assessed, miR-133a was expressed significantly higher
in the low BMD group. The target for miR-133a in bone is RUNX2, and higher levels in
tissue would have a negative impact on bone formation (98).

Seeliger et al. (2014) analyzed circulating and bone tissue miRNAs between
osteoporotic (n=10) and nonosteoporotic (n=10) patients with hip fractures. Of the two

sample types, 5 miRNAs (miR-21, -23a, -24, -100, -125b) were expressed higher in
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osteoporotic patients. MiR-21 may affect bone through inhibition of PDCD4 which
allows for osteoclast survival. MiR-23a, -24 are implicated in inhibition of RUNX2 for
osteocyte formation. MiR-100 may negatively affect bone formation by inhibiting bone
morphogenic protein receptor type 11, thus halting the growth of preosteoblasts into
mature osteoblasts. MiR-125b may also affect formation by inhibiting mesenchymal stem
cell differentiation towards an osteoblastic lineage (12).

Weilner at al. (2015) also assessed miRNAs in osteoporotic fracture patients (99).
Serum samples from 37 postmenopausal women (>65 yrs) were collected, 19 of which
had recent fractures due to osteoporosis. Samples were taken within two weeks of
surgery. Differentially expressed miRNAs included the upregulated (miR-10a-5p, 10b-
5p, -22-3p) and three downregulated (miR-133b -328-3p, let-7g-5p). A validation cohort
was also used to validate the differentially expressed miRNAs. It was found that only
miR-22-3p, -328-3p and let-7g-5p reached significance. In the case of miR-22-3p, the
first study saw significant upregulation while the validation cohort saw significant
downregulation. Of note, there were no differences between fracture patients and controls
for miR-21 (99).

Panach et al. (2015) also assessed c-miRNA in eight osteoporotic fracture patients
(mean 80 yrs) compared to five controls (100). They found that miR-122-5p, -125-5p, -
21-5p were significantly upregulated in the fracture patients. Mir-21-5p was also highly
correlated with the bone resorption marker, CTX. Other correlations included miR-21, -
125b correlated positively with osteocalcin, miR-122-5p was positively associated with
total alkaline phosphatase, and miR-210 correlated positively with BAP. Though miR-21

can have an osteoblastic effect, it appears that in fracture patients, miR-21 serves to
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improve osteoclastic function to a greater degree. It also appears that miR-210 may serve
as a marker for osteoblastic function (100).

A recent review article by Bellavia et al. (2019) discusses the impact of
deregulated miRNAs on bone health. The article provides rationale that some miRNAs
are supported by evidence for use as biomarkers for osteoporosis. Those miRNAs include
miR-21, -23, -124, -125, -133, -148. As mentioned in Chapter 1, miR-21 inhibits a
protein that inhibits osteoblast differentiation, thus improving bone formation. However,
it also inhibits programmed cell death 4 (PDCD4) in osteoclasts, leading to increased
bone resorption. MiR-23 has a negative impact on bone by decreasing osteoblast
differentiation. MiR-133 promotes bone resorption by inhibiting the inhibitors of
osteoclastogenesis. MiR-148 has doubly negative impacts on bone status by increasing
resorption through osteoclastogenesis and decreasing formation by inhibiting osteoblasts
(20).

Summary

It is important to understand the potential skeletal muscle, bone marker, and
inflammatory responses from resistance exercise and whole-body vibration in
postmenopausal women. Based on findings from the literature, both RE and WBV may
have a positive influence on inflammatory markers. RE and WBV have potential to
increase muscle strength, though muscle hypertrophy and the miRNAs associated with it
may not change. For WBV, it appears that protocols using lower frequencies and higher
magnitudes produce the most favorable response in bone. The inclusion of miRNAs may
serve as potential biomarkers for prediction of responses or as predictors of

inflammation, muscle strength, and/or bone status.

32



Chapter 3: Methods

The primary purposes of this study were to: (1) characterize the effects of acute
bouts of resistance exercise and whole-body vibration on expression of selected c-
miRNAs in postmenopausal women aged 65-85 yrs, and (2) determine if there was a
correlation between exercise responses of c-miRNA and TRAP5b. The secondary
purpose of this study was to determine if correlations exist between baseline c-miRNAs
and muscle strength and bone characteristics.

Participants

A total of 14 participants were enrolled in the study. Four participants were
excluded prior to testing due to voluntary termination (n=2), injury outside of the study
(n=1), and an inability to give blood draws (n=1). In total, 10 participants, 65-76 yrs of
age were used in the final analysis. Participants were not recruited according to ethnicity
although the vast majority of participants identified as Caucasian (n=9); the other
ethnicity represented was Asian (n=1). The study design was tolerated well, with only
one participant complaint about multiple sticks from blood draws. One other participant
missed their 24h timepoint draw.

Prior to participating, participants were taken through aspects of study design,
signed an informed consent document and a HIPAA form, and obtained medical
clearance from their personal physicians. Participant recruitment was from the Norman
and Oklahoma City area via mass email, flyer, newspaper advertisement, and by word of
mouth. Participants were screened for inclusion and exclusion criteria prior to consent
testing. A priori sample size calculation was performed using G*Power 3.1.9.2 (Heinrich
Heine University, Dusseldorf, Germany). A study by Daniels et al. (2014) was used for

calculation of effect size. Part of the study compared the detectable changes in miRNA
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expression between two miRNA Kits across multiple timepoints in 12 subjects (101). The
variances explained by effect reported for miR-16 were 0.237 and 0.346. These values
were applied to the G*Power application. Power was set at 0.8, alpha at 0.05, and number
of measurements was set at 5 timepoints. The 0.346 variance yielded an effect size of
0.416 and a sample size estimation of 10 while the 0.237 variance elicited an effect size
of 0.344 and a sample estimation of 12 participants.
Inclusion Criteria

1. Postmenopausal women, aged 65-85 yrs;

2. Community-dwelling individuals.

3. Greater than 5 yrs postmenopausal

Exclusion Criteria

1. Failure to obtain clearance from a licensed medical physician;

2. Current smokers;

3. Individuals with metabolic disease (e.g., diabetes), cancer, or uncontrolled
hypertension;

4. Individuals taking medications known to affect bone metabolism, such as
hormone replacement therapy, antidepressants, or glucocorticoids;

5. Individuals outside of limits of the DXA table (height over 6°4”, weight over 350
Ibs);

6. Individuals who have suffered a fracture within the previous 12 months;

7. Individuals with metal implants or joint replacement at the hip or spine.
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Research Design

This within-subjects randomized crossover study design compared the relative
expression changes of c-miRNA from an acute bout of resistance exercise and an acute
bout of whole-body vibration. Randomization occurred between exercise modalities and
there was a minimum of a 10-day washout period between exercise visits. Nine visits
were required in this study; consenting, blood pressure, and questionnaires (visit 1, ~1hr),
scans for DXA and pQCT, familiarization of resistance equipment and whole body
vibration, and functional performance measures of handgrip strength and jump power
(visit 2, ~2.5 hrs), 1 repetition maximum (1 RM) testing of leg press, shoulder press, lat
pulldown, leg extension, and hip adduction (visit 3, ~1.5 hrs), resistance exercise testing
(visit 4, ~2hrs), whole body vibration testing (visit 7, ~1.5hrs). Visits 4 and 7 were
randomized and sampling times are illustrated in Figure 2. Visits 5, 6, 8, and 9 (~30 min
each) consisted of blood draws at the Goddard Student Health Center that occurred
between 8:00-9:00 a.m. 24 and 48h after each exercise visit. Visit 1 was conducted at the
Bone Density Laboratory, Visit 2 was held in the Bone Density Laboratory for scans and
the Neuromuscular Lab for familiarization of exercises, and Visits 3, 4, and 5 were
conducted at the Neuromuscular Lab only. Both labs and the Goddard Student Health

Center are at the University of Oklahoma. Medical clearance was obtained before Visit 2.

35



A
Warm RE
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P 3 sets x 10 repetitions @70-75% 1RM
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~8:00 ~8:20 ~8:50 ~9:20 ~9:50

Pre IP WBY 60p WBY
Warm WBV

Up .
(5 min | 5 1 min bouts Passive Recovery

cycling)] 4 X 1 min rest

B
Figure 2. Blood sampling timeline for RE (A) and WBV (B) protocols

The independent variables are exercise modality (RE, WBV) and time points (pre,
immediately post, 1h, 24h, and 48h post-exercise). The dependent variables for serum are
relative expression levels of c-miRNA (miR-21, -23, -148, -133) and levels of the bone
resorption marker, TRAPS5b. Dependent strength variables include hand grip, jump
power, velocity, height, and 1RM measures. The dependent variables for DXA are areal
bone mineral density (aBMD) of the total body, lumbar spine, dual femur, and body
composition variables consisting of total body bone-free lean mass and fat mass, and lean
mass and fat mass of the arms and legs. Dependent variables for pQCT are volumetric
bone mineral density (vBMD), volumetric bone mineral content (vBMC), and total area
at the non-dominant tibia 4%, 38%, and 66% sites; trabecular vBMD, vBMC, and area at

4% site; cortical vBMD, vBMC, area, Ipolar, and SSI at 38% and 66% site; muscle cross-

sectional area (MCSA) at 66%.
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Questionnaires

Questionnaires were filled out by study participants to determine
inclusion/exclusion criteria and collect information to reduce the potential confounding
influence of physical activity, diet, and menstrual history. The following questionnaires
were used.

1. Health Status Questionnaire- was used to determine if participants meet study
inclusion criteria and if they had any preexisting conditions that warrant
exclusion. Also used to record medications taken by the participants.

2. Menstrual History Questionnaire- provided information about menstrual history
and any hormone replacement therapy.

3. International Physical Activity Questionnaire (IPAQ)- designed to designate low
(<600 MET min/week), moderate (=600 to <3,000 MET min/week), or high
(>3,000 MET min/week) physical activity levels per week (102).

4. Bone-Specific Physical Activity Questionnaire (BPAQ)- quantified exposure to
bone loading physical activity throughout the lifespan (103).

5. Calcium Intake Questionnaire- a food frequency questionnaire that estimated

daily calcium intake from both diet and supplements (104).

Height and Weight

Height was measured to the nearest 0.5 cm using a wall stadiometer (PAT
#290237, Novel Products, Rockton, IL). Weight was measured to the nearest 0.1 kg with
a digital electronic scale (BWB-800, Tanita Corporation of America, Inc., Arlington

Heights, IL).
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Blood Pressure

Participants’ resting blood pressure was measured with an automatic blood
pressure monitor (Omron, Japan) on the left arm. Participants lay supine quietly on a bed
with their left arm extended and slightly away from the body. Cuff size was determined
based on manufacturer recommendations. Cuff positioning was located over the brachial
artery and approximately one inch above the antecubital fossa. The “START” button was
pressed to begin cuff inflation. Heart rate and systolic and diastolic blood pressure were
recorded. A second measurement was performed after one min to determine repeatability.
If either blood pressure value was outside of a 5 mm Hg difference, a third measurement
was performed. Participant values above 140 mmHg systolic or 90 mmHg diastolic
pressure were excluded from further study participation.

Dual Energy X-ray Absorptiometry (DXA)

The Lunar Prodigy DXA (GE Healthcare, Madison, MI) was used to measure
areal bone mineral density (aBMD). The four scan sites were the total body, AP lumbar
spine (L1-L4), and dual proximal femur (femoral neck, trochanter, and total hip). Total
body scans provided body composition of the whole body and appendicular lean mass for
potential sarcopenia classification. Scans were analyzed with encore software, v16 (GE
Healthcare, Madison, WI). Quality Assurance (QA) tests were performed and
documented before each scanning day for calibration of the device. For QA tests, a
calibration block was placed on the DXA table as instructed by the device. The software
then performed the QA test automatically. Table 1 lists the coefficient of variation

percent (CV%) for several previously measured DXA variables in our laboratory.
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Prior to arrival, participants were instructed to wear minimal clothing devoid of
metal and arrive euhydrated. Hydration status was determined with a urine refractometer
(VEE GEE CLX-1, Rose Scientific Ltd., Alberta, Canada). Acceptable hydration for
body composition determination is a urine specific gravity between 1.004-1.029 (105).
Participants were instructed to remove jewelry, shoes, and lie supine and centered on the
scanning table with the top of their head approximately 2-3 cm below the horizontal
white line for the total body scan. Hips and shoulders were adjusted, as necessary, to
position the participant evenly in the middle of the scanning field. Straps were used
below the knee and at the ankles to maintain leg positioning. For the AP scan, the legs
were raised and a foam block placed underneath so the knees were bent at a 45-60-degree
angle. The scanner arm was placed with the pointer two finger widths below the navel,
with the arms crossed and raised to avoid scanning interference. The dual femur scan
required the foam block and straps to be removed. A brace was placed between the ankles
and strapped in place. The left femur was positioned directly parallel with the table, then
the right femur. Regions of interest (ROI) for the total body scan were adjusted as
described by Libber et al. (2012). ROI adjustment included cutting the head just below
the chin, bisecting the shoulders at the glenohumeral joint, and the hips at the top of the

iliac crest (106).
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Table 2. Precision for Bone Density and Body Composition
Measurements by DXA

Variable CV%
Total Body aBMD 1.27%
Lumbar Spine L1-L4 aBMD 1.80%
Left Femoral Neck aBMD 1.79%
Right Femoral Neck aBMD 1.33%
Left Total Hip aBMD 1.19%
Right Total Hip aBMD 1.00%
BFLBM 1.21%
Fat Mass 1.74%
Body Fat% 1.56%
Arms BFLBM 3.97%
Legs BFLBM 2.29%
ASMM 2.08%

ASMM- Appendicular Skeletal Muscle Mass; aBMD- Areal
Bone Mineral Density; BFLBM- Bone-free Lean Body Mass

Peripheral Quantitative Computed Tomography (pQCT)

pQCT provides additional details concerning the cross-sectional properties of
skeletal sites. It measures volumetric values of BMD and can distinguish between cortical
and trabecular bone. The device can also assess bone strength (compact and torsional),
density, and composition.

Prior to scanning, non-dominant tibia length was assessed using a tape measure.
Participants were instructed to sit in a chair and cross their non-dominant leg over their
dominant knee. Measurement parameters included the end of the medial malleolus to the
endplate of the proximal tibia. Tibia length was recorded in mm.

An XCT-3000 bone scanner (Stratec Medizintechnik GmbH, Pforzheim,
Germany) was used for the epiphyseal and diaphyseal bone measurements of the non-
dominant tibia at the 4%, 38%, and 66% sites. Integrated software v6.00 (Stratec

Medizintechnik GmbH, Pforzheim, Germany) was used for analysis. Scans were obtained
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with a 0.5 mm voxel size, 2.2 mm slice, and a 20 mm/s scan speed. Analysis required the
user to define thresholds and use contmodes and peelmodes for cortical recognition and
filtering of partial voxels. Table 3 lists the CV% for previously measured pQCT variables
in the non-dominant from our laboratory.

Table 3. Precision for Volumetric Bone Measurements by pQCT

Site  Variable CV%
4%  Total vBMD (mg/cm?®) 1.12%
Total vBMC (mg/mm) 2.00%
Trabecular vBMD (mg/cm?®) 0.68%
Trabecular vBMC (mg/mm) 3.07%
Peri_C (mm) 1.23%
38%  Total vBMD (mg/cm?®) 0.29%
Total vBMC (mg/mm) 0.48%
Cortical vBMD (mg/cm?®) 0.29%
Cortical vBMC (mg/mm) 0.61%
SSI (mmd) 1.29%
Ipolar (mm?) 0.84%
66%  Total vBMD (mg/cm®) 1.51%
Total vBMC (mg/mm) 0.92%
Cortical vBMD (mg/cm?®) 0.50%
Cortical vBMC (mg/mm) 1.85%
Peri_C (mm) 0.49%
Endo_C (mm) 1.45%
SSI (mmd) 1.49%
Ipolar (mm?) 1.08%
Muscle CSA (mm?) 1.73%

Peri_C- Periosteal Circumference; Endo_C- Endosteal
Circumference; SSI- Strength Strain Index; Muscle CSA- Muscle
Cross-Sectional Area

After entering participant information into the computer, subjects sat in a chair
and placed their nondominant foot into a holder. The top of the nondominant tibia was

adjusted to be directly parallel to the floor and centered in the middle of the gantry.
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Straps were used to secure the foot and knee for scanning. A scout view was performed
to determine the reference line.
One-Repetition Maximum Testing (1RM)

Leg press, shoulder press, lat pulldown, leg extension, and hip adduction isotonic
machines (Cybex, Medway, MA) were used for this study. Trained personnel were
present to instruct participants on appropriate lifting technique. Participants warmed up
for 5 min at a self-selected comfortable pace and resistance on a stationary bicycle (828E,
Monark, VVansbro, Sweden). The 1RM protocol for each piece of equipment was: (1)
proper positioning based on manufacturer recommendations; (2) complete a warmup set
of 5-10 repetitions at ~50% of estimated maximal strength; (3) after 1 min rest, another
set of 3-5 repetitions at ~75% of estimated maximal strength; (4) After 2 min rest, the
load was increased for 1 repetition, with this step repeating, until a maximum was
achieved. The goal was to achieve a maximum strength value within 5 attempts.

Acute Exercise Protocols
Resistance Exercise

Participants performed resistance exercises in the following order: leg press,
shoulder press, lat pulldown, leg extension, and hip adduction. There were three sets of
10 repetitions per exercise at 70-75% of 1RM with 2-3 min of rest between sets and
exercises. Each repetition consisted of ~1 second each during the eccentric and concentric
phases, with minimal time spent isometrically. One participant failed at 8/10 repetitions
on the third set of shoulder press and the weight was reduced by 2.5kg to complete the
last two repetitions. All other participants completed every repetition for all sets and

eXercises.
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Whole-Body Vibration

Participants were instructed to remove footwear and socks and stand with knees
bent at 30° and their second toe in line with the dot located between positions 1 and 2 on
the Vibraflex Vibration Platform (Orthometrix, Inc., Naples, FL). Each of the 5 bouts
were performed for one min at a 20 Hz frequency with a 3.38 mm peak-to-peak
displacement with a load stimulus of approximately 2.7g and 1 min of rest between bouts.
Muscle Functional Performance Measurements
Handgrip Test

Grip strength was measured with a handgrip dynamometer (Takei Scientific
Instruments, Yashiroda, Japan) while in a seated position with the back supported. The
elbow was placed on the arm rest at a 90-degree angle with the wrist at the end of the arm
rest. The hand was in a neutral position. Starting with the right hand, the participant
squeezed the dynamometer as hard as possible for a maximum of 3 seconds. A rest period
of 30 seconds was given and then the procedure repeated on the left hand. This occurred
for 3 cycles and the best result was recorded to the nearest 0.1kg.
Jump Test

Muscle power (jump height, air time, power, velocity) was assessed by a jump
test using a jump mat (Just Jump, Probiotic, AL) and with a Tendo FITRODYNE (Tendo
Sports Machines, Trencin, Slovak Republic). Participants stood in the center of the jump
mat with the Tendo strap secured to a belt placed just above the hips. They crouched
while swinging their arms down and back and jumped straight up while bring their arms

forward and up, landing in the center of the mat. Spotters were in place to ensure
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participant safety. One min of rest was provided between jumps with a total of 3
successful attempts recorded and averaged.
Blood Sampling

A blood sample of 7.5 ml was collected via venipuncture by a registered
phlebotomist. Baseline samples were collected between 8:00 and 9:00 a.m. after an 8h
overnight fast to measure c-miRNA and TRAP5b, with further sampling immediately
(IP), 1h (60p), 24h, and 48h post-exercise. After each draw, two hematocrit tubes were
filled from the serum separator tubes (SST) for measurement of hematocrit (HCT) and
plasma volume shifts. Percent change in plasma volume (%APV) was determined with
the following equation:
%APV = 100/(100 - Hct Pre) * 100((Hct Pre — Hct Post)/Hct Post) (107) and applied to
TRAPS5b with the following equation: Corrected Concentration = Uncorrected value *
((200 + %APV)/100).
The same application was performed for plasma volume changes with an alteration to the
formula to account for exponential expression changes in quantification cycle (Cq) values
with the formula %APV = (log(100)/(log(100) — log(Hct Pre)) * log(100)*((log(Hct Pre)
— log(Hct Post))/log(Hct Post)). The correction factor was subtracted from the Cq values
for each miRNA from each exercise sample. Blood lactate was analyzed with the Lactate
Plus lactate analyzer (Sport Resource Group Inc., Minneapolis, MN) from the SST pre
and immediately post-exercise. Samples were allowed to clot for 30 min and then
centrifuged at 2,000 g for 15 min. Samples were equally aliquoted into 8 microtubes and

frozen at -84 °C until analysis.
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TRAP5b Assays

Prior to assays, samples and reagents were thawed at room temperature.
MicroVue™ Commercial ELISA Kits were used to measure TRAP5b (Quidel, Athens,
OH) in duplicate. All assays were performed following step by step instructions included
with each kit. Intra-assay CV% ranged from 1.3-7.9% and the inter-assay CV% was
7.2%.
MicroRNA Quantification
RNA Extraction

MicroRNA analyses were performed by TAmMIRNA Vienna, Austria. Total RNA
was extracted using the miRNeasy Mini Kit (Qiagen, Hilden, Germany) following
procedures included in the kit. Serum samples were thawed on ice and centrifuged at
12,000g for 5 min for cellular debris removal. 200ul of serum were used for sample lysis
by mixing with 1,000l QlAzol Lysis Reagent and 1l of synthetic spike-in, Uni-Spike-
In 4 (UniSp4) (Exigon, Vedbaek, Denmark), to control for variance of cDNA synthesis
and gPCR. After incubation at room temperature for 10 min, RNA extraction was
performed using 200l chloroform and phase separation achieved by centrifugation at
12,000g for 15 min at 4°C. 650ul of the upper agueous phase was transferred to a new
collection tube and mixed with 7ul glycogen. Samples were transferred to an miRNeasy
mini column, and RNA was precipitated with 750uL of ethanol followed by washing
with RPE and RWT buffer. RNA was eluted in 30uL of nuclease-free water and stored at
—80°C until further analysis. Detection of hemolysis was performed using the Nanodrop
ODA414 measurement.

cDNA Synthesis
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The extracted RNA was transcribed to cDNA using the Universal cDNA
Synthesis Kit Il (Exigon). The protocol was modified in that 2uL of total RNA was used
per 10 uL reverse transcription (RT) reaction. To monitor RT efficiency and the presence
of impurities with inhibitory activity, a synthetic RNA spike-in (cel-miR-39-3p) was
added to the RT reaction. Polymerase chain reaction amplification was performed in a
96-well plate format using custom Pick-&-Mix plates (Exigon) in a Roche LC480 11
instrument (Roche, Mannheim, Germany) and EXiLENT SYBR Green Master Mix
(Exiqgon) with the following settings: 95°C for 10 min, 45 cycles of 95°C for 10 seconds
and 60°C for 60 seconds, followed by melting curve analysis.

Quantification of miRNA Expression

Quantification of expression was determined by assessing the quantification cycle
(Cq) of selected c-miRNA utilizing the 2" derivative method (108). Quality control data
for RNA spike-ins are reported in Table 4 and shown in Figure 3. Data was normalized to
the RNA spike-in control (UniSP4) that was added in before RNA extraction with the
equation Cq = CqUMsP4) - cqMRNA) The 2-AACt was used to calculated fold changes
from pre values (109).

Table 4. Quality Control for RNA Spike-ins

Control MEAN SD MIN MAX RANGE %CV
UniSp4  26.12 0.42 25.25 27.21 1.96 1.62
cel-miR-39  27.11 0.36 26.35 28.65 2.30 1.32
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Figure 3. Quality Control for cel-miR-39-3p and UniSP4
Data Analyses

Statistical analyses were performed using IBM SPSS Statistics (SPSS Inc.,
Chicago, IL), version 24. Relative expressions of c-miRNA are reported as mean +
standard error (SE), with other descriptive data reported as mean * standard deviation
(SD). Normality of dependent variables was assessed via Shapiro-Wilk tests. For
participant characteristics and imaging variables, normality was only violated for current
BPAQ scores, IPAQ, right hip Buckling Ratio, and 66% total volumetric bone mineral
density. For miRNAs, all pre-exercise log2-tranformed values were normally distributed.
The 24h timepoint on the RE day for miR-21 was non-normally distributed, as well as
WBYV miR-133 48h and RE miR-133 IP. Separate Kruskal-Wallis tests were run for
separate modalities to see differences between timepoints and Mann-Whitney U tests to
compare timepoints to pre-exercise expression.

Multiple two-way mixed-model repeated measures ANOVA [modality x time]
were used to assess changes across time between the two exercise modalities. ANOVAs

included modality x time for all five timepoints (pre, IP, 60p, 24h, 48h), and also separate
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ANOVA:s for the three exercise-day timepoints (pre, IP, 60p) and recovery days (pre,
24h, 48h). For significant modality x time interactions, one-way ANOVASs across time
for each modality with Bonferroni corrections and paired t-tests between modalities at
each timepoint were used for post-hoc pairwise comparisons. Pre-exercise data was set as
control to calculate fold change of c-miRNA expression for subsequent timepoints (IP,
60p, 24h, 48h). Pearson’s correlation coefficient was utilized for normally distributed
variables and Spearman’s rank rho for non-normal data to determine associations
between microRNAs and muscle strength, bone variables, and TRAP5b. This statistical
approach is similar to that used by Margolis et al. (2017) (19). The alpha was set at

p=<0.05.
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Chapter 4: Results and Discussion

The primary purposes of this study were to: (1) characterize the effects of acute
bouts of resistance exercise and whole-body vibration on expression of selected c-
miRNAs in postmenopausal women aged 65-85 yrs, and (2) determine if there was a
correlation between exercise responses of c-miRNA and TRAP5b. The secondary
purpose of this study was to determine if correlations exist between baseline c-miRNAs
and muscle strength and bone characteristics.
Participant Characteristics

Participant characteristics are found in Table 5. Calcium intake ranged from 270-
1,690 mg/day, with the mean above the recommended 1,000mg/day (110). Additionally,
nine of the ten participants were considered highly active according to the IPAQ
questionnaire with only one classified as moderately active (102).

Table 5. Participant Characteristics (means + SD)

(n=10)

Age (yrs) 706 + 4.27
Height (cm) 159.6 + 6.19
Body Mass (kg) 64.51 + 1247
Calcium Intake (mg/day) 1173.8 + 446.0
BPAQ- Past 58.35 + 28.09
BPAQ- Current 419 + 10.27
BPAQ- Total 31.27 + 15.07
IPAQ MET/min/week 6296.25 + 5670.13

BPAQ- Bone Physical Activity Questionnaire; IPAQ-
International Physical Activity Questionnaire; MET-
Metabolic Equivalent

Physical Performance Measures

Table 6 shows muscular strength and power measures.

49



Table 6. Muscular Strength and Power Measures (means + SD)

(n=10)

Right Hand Grip (kg) 229 + 56
Left Hand Grip (kg) 231 + 46
Jump Height (cm) 188 + 4.0
Time in Air (sec) 039 £+ 0.04
Jump Power (w) 5175 = 110.6
Jump Velocity (m/s) 0825 + 0.16
Leg Press (kg) 816 + 129
Shoulder Press (kg) 266 = 5.1
Lat Pulldown (kg) 294 + 6.3
Leg Extension (kg) 296 + 7.8
Right Hip Adduction (kg) 331 + 33
Left Hip Adduction (kg) 325 + 37

Dual Energy X-ray Absorptiometry Measures

DXA was used to assess changes in aBMD and body composition for the total
body and site-specific areas. Table 7 shows information regarding the three total body
scans that were completed. Participants’ total body bone statuses were all considered
“normal,” with T-scores ranging from -0.9 to 1.4.

Table 7. Total Body aBMD and Body Composition (means = SD)

(n=10)
Total Body aBMD (g/cm?) 1.083 £+ 0.073
Total Body BMC (g) 2068.0 + 187.1
Total Body T-score 0.02 £ 0.72
Total Body Fat % 36.93 + 7.44
Total Body Fat Mass () 24485.3 = 8540.1
Total Body BFLBM (g) 37897.9 + 47534

aBMD- Areal Bone Mineral Density; BMC- Bone Mineral
Content; BFLBM- Bone Free Lean Body Mass

Regional body composition information is displayed in Table 8. The European
Working Group on Sarcopenia in Older People (EWGSOP) 2018 has multiple testing

criteria to identify sarcopenia status (111). Based on DXA values, the two current criteria

50



are appendicular skeletal muscle mass (ASMM) < 15kg or ASMM/height? < 5.5kg/m?.

Based on these cutoffs, two participants were considered sarcopenic for ASMM alone

and none had values below 5.5kg/m?.

Table 8. Regional Body Composition (means = SD)

(n=10)

Arms BMC (g) 261.7 + 253
Arms Fat % 37.77 + 5.76
Arms Fat Mass (g) 26945 *= 857.3
Arms BFLBM (g) 4026.6 * 717.3
Leg BMC (g) 7326 * 653
Legs Fat % 39.15 + 6.32
Legs Fat Mass (Q) 8687.3 + 29243
Legs BFLBM (Q) 12202.1 + 2025.1
ASMM/height?(kg/m?) 6.33 = 0.69
ASMM (kg) 16.23 = 2.66

BMC- Bone Mineral Content; BFLBM- Bone Free Lean Body

Mass; ASM- Appendicular Skeletal Muscle Mass

Lumbar Spine (L1-L4), dual hip aBMD and BMC, and hip structural analysis

(HSA) variables are displayed in Table 9. For the spine, no one was osteoporotic, three

were osteopenic and seven were classified as normal (T-scores ranged from -2.1 to 1.3).

For the total hips, no one was osteoporotic, five were osteopenic, and five were classified

as normal (T-scores ranged from -1.7 to -0.4). For the femoral neck, one participant had

an osteoporotic dominant hip, seven were osteopenic, and two were normal (T-scores

ranged from -2.6 to 0.0).
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Table 9. Lumbar Spine and Dual Hip aBMD, BMC, and HSA (means + SD)

(n=10)
L1-L4 aBMD (g/cm?) 1.094 =+ 0.117
L1-L4 BMC (g) 56.8 + 7.1
L1-L4 T-score -0.71 + 0.98
Dominant
Femoral Neck aBMD (g/cm?) 0.826 *= 0.097
Femoral Neck BMC (g) 39 = 06
Femoral Neck T-score -1.52 + 0.71
Trochanter aBMD (g/cm?) 0.707 + 0.060
Trochanter BMC (g) 88 + 15
Trochanter T-score -1.25 = 051
Total Hip aBMD (g/cm?) 0.867 * 0.062
Total Hip BMC (g) 274 = 3.0
Total Hip T-score -1.1 £ 047
Strength Index 14 + 05
Buckling Ratio 40 = 21
Section Modulus (mm3) 5157 = 117.3
CSMI (mm*) 8593.1 + 24934
Non-Dominant
Femoral Neck aBMD (g/cm?) 0.837 *= 0.096
Femoral Neck BMC (g) 40 = 06
Femoral Neck T-score -1.45 = 0.67
Trochanter aBMD (g/cm?) 0.715 + 0.080
Trochanter BMC (g) 89 = 17
Trochanter T-score -1.19 + 0.70
Total Hip aBMD (g/cm?) 0.874 * 0.059
Total Hip BMC (Q) 274 += 3.0
Total Hip T-score -1.05 + 045
Strength Index 14 + 04
Buckling Ratio 40 = 1.3
Section Modulus (mmg) 5250 * 995
CSMI (mm*) 87879 £ 2047.0

aBMD- Areal Bone Mineral Density; BMC- Bone Mineral Content;
CSMI- Cross-Section Moment of Inertia
Peripheral Quantitative Computed Tomography Measures
Tables 10-12 depict pQCT variables for the 4%, 38%, and 66% non-dominant

tibia sites, respectively.

52



Table 10. 4% Non-Dominant Tibia pQCT (means £ SD)

(n=10)
Total
BMC (mg/mm) 2719 + 399
vBMD (g/cm?) 2706 + 28.7
Area (mm?) 1006.11 + 117.69
BSI (mg2/mm*) 1123 + 6.6
Trabecular
BMC (mg/mm) 1973 + 36.2
vBMD (g/cm?3) 236.52 + 30.98
Area (mm?) 833.82 + 103.01
BSI (mg2/mm*) 742 + 16.2
Periosteal Circ. (mm) 474 + 135

BMC- Bone Mineral Content; vBMD- VVolumetric Bone
Mineral Density; BSI- Bone Strength Index Circ-
Circumference

Table 11. 38% Non-Dominant Tibia pQCT (means + SD)

(n=10)

Total

BMC (mg/mm) 2947 * 26.8

vBMD (g/mm?) 869.83 * 69.53

Area (mm2) 34051 + 39.87
Cortical

BMC (mg/mm) 278.92 + 24.08

vBMD (g/mm?) 1160.19 *= 20.60

Area (mm2) 240.61 + 22.78

Thickness (mm) 482 + 0.52
Periosteal Circ. (mm) 65.3 + 3.8
Endosteal Circ. (mm) 350 = 55
iPolar (mm?*) 18510.2 + 3486.7
SSI (mm?) 1354.2 + 204.6

BMC- Bone Mineral Content; vBMD- Volumetric Bone
Mineral Density; Circ- Circumference; SSI- Strength Strain
Index
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Table 12. 66% Non-Dominant Tibia pQCT (means + SD)

(n=10)

Total

BMC (mg/mm) 3213 + 337

vBMD (g/mmd) 647.79 + 65.41

Area (mm?) 500.70 = 71.06
Cortical

BMC (mg/mm) 2832 + 30.7

vBMD (g/mm?) 1102.16 %= 26.23

Area (mm?) 256.85 + 26.72

Thickness (mm) 385 = 043
Periosteal Circ. (mm) 79.14 + 56
Endosteal Circ. (mm) 549 + 7.1
iPolar (mm*) 33494.0 + 6568.1
SSI (mm3) 19746 + 3274
IMAT (mm2) 1554.1 + 359.5
Muscle CSA (mm2) 6151.3 + 1121.0
Muscle Density (mg/cm?®) 758 + 25

BMC- Bone Mineral Content; vBMD- Voﬂjmetric Bone

Mineral Density; Circ- Circumference; SSI- Strength

Strain Index; IMAT- Intramuscular Adipose Tissue
Serum Variables

Table 13 displays exercise responses for plasma volume changes and lactate

concentrations for the pre, immediate post (IP), and sixty min post-exercise (60p)
timepoints. For lactate there was a significant modality x time interaction (p<0.001) and
significant main effects for modality (p=0.01) and time (p<0.001). Post hoc comparisons
showed an increase in lactate pre to IP for WBV (p=0.027) and RE (p=0.001) but only
RE had higher lactate concentrations from IP to 60p (p=0.002). For plasma volume

change, there was no significant interaction or modality difference, but there was a

significant effect for time with IP decreasing more than 60p (p=0.041).

54



Table 13. Lactate and Plasma VVolume Change (means + SD)
Time  Whole-Body Vibration Resistance Exercise

Lactate (mmol/L) 5" Pre 0.72 % 0.23* 0.76 + 0.32*
IP 1.11 + 047 273 + 147
60p 0.80 + 0.42 0.84 = 0.37*
PVA (%) IP -348 * 46 -855 + 3.89
60p -3.57 * 6.69* 019 + 7.78*

PVA- Plasma Volume Change

§ p<0.001 significant modality x interaction
¥ p<0.05 modality difference

*p<0.05 time difference from IP

Bone Resorption Marker

Table 14 reports the uncorrected and corrected for plasma volume change
concentrations of serum tartrate-resistant acid phosphatase (TRAP5b), as well as percent
and absolute changes. Two-way repeated measures ANOVA for uncorrected
concentrations showed no significant modality x time interaction or main effect for
modality, but there was a significant effect for time (p<0.001) (Figure 4). Pairwise
analysis with Bonferroni corrections revealed that TRAP5b increased from pre to IP
(p=0.048) and decreased pre to 24h post (p=0.007) for both modalities. Also, 24h post
was significantly lower than both IP (p=0.001) and 60p (p=0.003). After correction for
plasma volume shifts, there was still no significant interaction or main effect for modality
(Figure 5). There was still a significant main effect for time (p=0.008) with TRAP5b

concentrations decreasing from pre to 24h post (p=0.007).
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Table 14. TRAP5b Concentration, Percent Change, and Absolute Change (means £ SD)

Time WBYV (n=9) RE (n=9)
TRAPS5b (W/L) Pre 3.68 + 1.04 3.74 + 1.02
IP* 3.80 £ 0.99 398 + 1.10
60p’ 372 £ 111 3.86 + 1.04
24h” 340 £ 0.97 360 + 1.01
Corr TRAPSb (/L) IP 3.73 £ 1.09 3.77 £ 1.01
60p 369 + 1.16 356 + 1.77
24h 340 £ 0.97 360 + 1.01
% Change IPT 400 £ 9.92 6.70 + 6.85
60p’ 130 + 581 356 + 6.50
24h -756 =+ 5.27 -344 + 433
Corr % Change IPT 0.89 + 11.22 -0.67 + 10.19
60p -1.67 £ 9.94 -6.70 + 33.72
24h -756 =+ 5.27 -344 + 433
Absolute Change IPT 0.11 £ 0.23 0.26 £ 0.23
60p’ 0.05 £ 0.20 0.13 = 0.21
24h -0.28 + 0.18 -0.13 + 0.16
Corr Absolute Change  IP -0.05 + 0.29 0.03 £ 0.48
60p 0.01 £ 0.30 -0.18 + 0.67
24h -0.28 + 0.18 -0.13 + 0.16

Corr- Corrected for plasma volume change; %- Percent
* p<0.05 time difference from pre
1 p<0.05 time difference from 24h
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Figure 4. Serum TRAP5b Uncorrected Concentrations Over Time (means + SE)
* p<0.05 time difference from pre
T p<0.05 time difference from 24h
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Figure 5. Serum TRAP5b Corrected Concentrations Over Time (means + SE)
* p<0.05 time difference from pre

Two-way repeated measures ANOVA for percent change in TRAP5b showed no
significant modality x time interaction or main effect for modality, but there was a
significant effect for time (p<0.001). Pairwise analysis with Bonferroni corrections
revealed that percent change was lower at 24h compared to IP (p=0.001) and 60p
(p=0.001). After correction for plasma volume shifts, there was still no significant
interaction or main effect for modality. There was still a significant main effect for time
(p=0.013) with TRAP5b percent change being lower at 24h post compared to IP
(p=0.035).

Two-way repeated measures ANOVA for absolute change in TRAP5b showed no
significant modality x time interaction or main effect for modality, but there was a
significant effect for time (p<0.001). Pairwise analysis with Bonferroni corrections
revealed that absolute change was lower at 24h compared to IP (p<0.001) and 60p
(p=0.002). After correction for plasma volume shifts, there was still no significant
interaction or main effect for modality. There was still a significant main effect for time
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(p=0.013). After pairwise comparisons, there was no significant difference between any
of the timepoints (p>0.05)

Table 15 provides the correlations for both the WBYV and RE exercise days
between pre TRAP5b and measures of bone content, density, and strength. There were
multiple significant correlations, however the significant correlations occurred only for
TRAPS5b on the RE visit.

Table 15. Pearson Correlation Matrix between TRAP5b and DXA/pQCT (means £ SD)

WBYV (n=10) RE (n=10)
Right Hip Strength Index 0.125 0.649*
Left Hip Strength Index 0.174 0.690*
38% Total Area -0.479 -0.652*
38% Peri Circ -0.469 -0.649*
38% Endo Circ -0.408 -0.685*
38% SSI -0.562 -0.670*
66% Total Area -0.593 -0.644*
66% Peri Circ -0.588 -0.640*
66% Endo Circ -0.596 -0.679*

Peri Circ- Periosteal Circumference; Endo Circ- Endosteal

Circumference; SSI- Strength-Strain Index

*p<0.05
MicroRNA Responses

Tables 16 and 17 show miRNA relative expression changes from WBYV and RE

exercise with corresponding fold changes. Criteria for differential expression were either
p<0.05 or a fold change >2 for upregulation and <0.5 for down regulation (112). Figures
6-7 provide a visual of each miRNA with individual responses. In total, 99 samples from
the ten participants were analyzed for four miRNAs. MiR-21-5p was expressed in 99/99

samples (mean Cg= 25.0). MiR-23a-3p was expressed in 99/99 samples (mean Cg=

26.28). MiR-133a-3p was expressed in 98/99 samples (mean Cqg= 33.77). MiR-148a-3p
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was expressed in 99/99 samples (mean Cg= 29.18). Paired t-tests were performed
between pre-exercise WBYV and RE for c-miRNAs. There was no significant difference
for miR-21 (p=0.806), mir-23 (p=0.686), miR-133 (p=0.599), or mir-148 (p=0.927).
One-way repeated measures ANOVAs for each modality with Bonferroni
corrected pairwise comparisons were performed for normally distributed timepoints
associated for each miRNA to determine differences of relative expression from pre to
the other timepoints. Two-tailed Mann-Whitney U tests were performed comparing each
timepoint to pre for nonparametric data. Fold changes across time for both exercise

modalities ranged from 0.69 to 1.65.
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Table 16. MicroRNA Relative Expression for WBV (means + SE)

Relative Expression (n=10) Fold Change

mMiRNA Pre IP 60p 24h 48h 1 2 3 4

miR-21-5p 1.22 +0.22 1.22 +0.26 1.61 +0.31 0.80 £0.166 0.94+0.19 094 131 0.75 0.82
Adj21 1.04 £0.25 1.43 +0.29 0.89 1.16

miR-23a-3p -0.14 £0.27  -0.03 +0.28 026 +0.27 -0.38 £0.15 -020+0.27 107 132 085 0.96
Adj23 -0.21 +0.28 0.08 +0.28 099 1.19

miR-133a-3p -8.03 £043  -7.31 £0.36  -7.35+0.33  -7.61 +0.40° -7.70+0.42¢ 165 1.60 1.33 1.10
Adj133 -7.48 +0.37  -7.53 £0.98 1.46 1.41

miR-148a-3p -301 £024  -291 £0.30  -251 +0.38 -3.35+0.24 -331+043 108 142 0.79 081
Adj148 -3.08 £0.30  -2.69 +0.36 095 1.25

’n=9; *n=8; FC- Fold Change; Adj-adjusted for plasma volume shifts; FC 1- comparison of IP to pre; FC 2- comparison of 60p to pre;
FC 3- comparison of 24h to pre; FC 5- comparison of 48h to pre.

Table 17. MicroRNA Relative Expression for RE (means + SE)

Relative Expression (n=10) Fold Change

mMiRNA Pre IP 60p 24h 48h 1 2 3 4

miR-21-5p 1.14 +0.24 1.17 £0.19 1.26 £0.31 1.07 £0.26° 0.76 £0.22 1.03 1.04 104 0.70
Adj21 0.71 £0.21 1.24 £0.30 0.75 1.04

miR-23a-3p -0.29 +£0.23 -0.13 +£0.18 -0.08 £0.20 -0.27 £0.23 -0.32 £0.18 112 112 1.04 0.90
Adj23 -0.59 +0.20 -0.09 £0.21 0.82 1.13

miR-133a-3p -7.75 £0.38 -7.82 £0.58 -7.47 £0.32 -7.59 +0.23 -790 £043 095 154 133 0.79
Adj133 -8.28 +0.56 -7.48 £0.39 0.69 154

miR-148a-3p -2.98 £0.27 -3.05 £0.17 -2.98 £0.33 -3.31 £0.30° -3.18 £0.26 095 100 0.93 0.87
Adj148 -3.50 £0.18 -2.99 £0.34 0.69 0.98

’n=9; *n=8; FC- Fold Change; Adj-adjusted for plasma volume shifts; FC 1- comparison of IP to pre; FC 2- comparison of 60p to pre;
FC 3- comparison of 24h to pre; FC 5- comparison of 48h to pre.
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Table 18 provides miRNAs and bone variable Pearson correlations. Appendix A
provides a full table with every significant correlation. No pre-exercise miRNA
correlations existed between WBYV and RE for miR-21 (r=0.015, p=0.966), miR-23 (r=-
0.082, p=0.822), miR-133 (r=0.190, p=0.60), or miR-148 (r=0.060, p=0.869). There were
no significant correlations between miRNAs and muscle mass, strength, or power
variables (p>0.05). Correlations were also performed between time points for absolute
change in TRAP5b and log2 Cq miRNA values, but there were no significant correlations
to report (p>0.05). Of note, there were no variables that correlated with baseline miRNA
for both the exercise visits. Figures 8-9 provide a visual example of the inconsistent
correlations for each miRNA between exercise modalities explained by the lack of

correlation between pre-exercise miRNA expression.

63



¥9

Table 18. Pearson Correlation Matrix Between Pre-Exercise miRNAs and DXA/pQCT/Strength Measures

miR-21 (n=10) miR-23 (n=10) miR-133 (n=10) miR-148 (n=10)

WBV RE WBV RE WBV RE WBV RE
BPAQ Current 0.340 0.722* -0.218 0.844**
Calcium Intake (mg) 0.713* 0.490
L Total Hip BMD -0.783** 0.159 -0.886** 0.097 -0.842** 0.136
R Total Hip BMD -0.756* -0.008 -0.757* 0.002 -0.784** 0.105
R Total Hip BMC -0.814* -0.317 -0.711* -0.188 -0.782** -0.289
L CSMI -0.760* -0.494 -0.790** -0.439
4% Total vBMD 0.173 0.812**
38% Total BMC -0.313 -0.774** -0.248 -0.637* -0.382 -0.848**
38% Cort BMC -0.332 -0.804** -0.243 -0.640* -0.286 -0.862**
38% Cort Area -0.304 -0.776** -0.244 -0.660* -0.309 -0.856**
66% Total vBMD 0.784** 0.220
66% Cort BMC -0.447 -0.790** -0.241 -0.663*
66% Endo Circ -0.786** -0.141
R Adduction 0.043 -0.736* -0.046 -0.795** -0.128 -0.821**
L Adduction 0.106 -0.653* -0.052 -0.799** -0.074 -0.740*

BMD- Bone Mineral Density; BMC- Bone Mineral Content; L- Left; R- Right; CSMI- Cross-Sectional Moment of Inertia;
vBMD- volumetric Bone Mineral Density; Circ- Circumference; Endo- Endosteal

**p<0.01
*p<0.05
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Though the Shapiro-Wilk normality tests showed some timepoints were non-
normally distributed with occasional outliers, the data for each timepoint followed normal
straight-line Q-Q plots. A two-way repeated measures ANOVA for all five timepoints
was performed for each miRNA. There was a significant interaction for mir-21
(p=0.019), but no significant main effects. Broken down by modality, a one-way
ANOVA with post hoc pairwise comparisons revealed a significant decrease in miR-21
from 60p to 24h (p=0.036) for WBV that did not occur for RE. Paired samples t-tests
between modalities at each timepoint did not show any significant differences (p>0.05).
Visually, it appears WBYV at 60p has a higher mean, but the relationship inverts at 24h
with RE having higher expression (Figure 10). Two-way repeated measures ANOVAS
were also performed using only the three exercise testing-day time points and another
ANOVA with pre, 24h, and 48h. There were no interactions or main effects for any of the

miRNAs (p>0.05).

miR-21-5p

c
5 1.9

pre IP 60min 24h 48h

WBYV === RE

Figure 9. miR-21-5p Interaction (means + SE)
*p<0.05 significant interaction, WBV higher at 60p compared to 24h
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Discussion

The current study characterized the expression of circulating microRNAs (c-
miRNA) in response to acute bouts of resistance training (RE) and whole-body vibration
(WBV) in postmenopausal women aged 65-85 yrs. As previously mentioned, miRNASs
have the potential to serve as biomarkers for age-related diseases such as osteoporosis or
sarcopenia (5, 18, 43, 98, 100). A review by Hackl et al. (113) supports the argument for
c-miRNAs as biomarkers for osteoporosis and sarcopenia. Sample collection is relatively
minimal or non-invasive compared to tissue samples, especially bone, microRNAs are
also able to retain stability through multiple freeze-thaw cycles, and measurement with
gPCR is a reliable and well-established method for molecular diagnostics (113).
Weaknesses of c-miRNAs can be somewhat controlled for, but must be addressed.
Environmental factors such as stress, drugs, sleep, alcohol, smoking, and diet can all
affect expression (114). C-miRNAs may also serve as biomarkers to track the progression
of adaptations from exercise stimuli, though more studies, such as this one, are needed to
determine which miRNAs are sensitive enough to express changes and have targets
affecting tissues of interest (39, 43).

This study characterized the relative expression exercise responses of miR-21-5p,
-23a-3p, -133a-3p, and -148a-3p. The microRNAs chosen have potential implications in
the adaptations of muscle and bone to exercise. Mir-21, when overexpressed in
denervated muscles, leads to enhanced muscle atrophy through targeting of YY1, elF4E3,
and PDCD10 (115). In bone, high expression of miR-21 is seen in osteoporotic fracture
patients (12), but also low expression is seen in other osteoporotic postmenopausal

women (116). In mice, miR-23 can attenuate skeletal muscle atrophy through targeting of

68



MAFbx/atrogin-1 (117), but can have negative effects on bone by interfering with
osteoblast differentiation by targeting RUNX2 and SATB2 (20). MiR-133 targets SRF in
muscle, leading to increased myocyte proliferation (118) and is negative in bone by
targeting inhibitors of osteoclastogenesis (20). In muscle and physical inactivity, miR-
148 has implications for triggering insulin resistance (38) and is also negative in bone by
inhibiting osteoblasts and promoting osteoclasts (20).

To our knowledge, this is the first study to examine any miRNA responses to
whole-body vibration in any human population and one of few to study miRNA exercise
responses in postmenopausal women, making generalizations to other studies difficult.
There were several findings of note, primarily baseline expression levels that correlate
with bone status variables for each miRNA studied. This is also the first known exercise
study that attempts to correct for c-miRNA expression by incorporating plasma volume
shifts.

Circulating microRNA Expression Changes from Exercise

In the current study there were no significant differences or changes in relative
expression for miR-21-5p, -23a-3p, -133a-3p, or -148a-3p due to exercise, as illustrated
in Figure 11. It must be noted that several participants had appreciable upregulation,
while others downregulated for a given miRNA and it is not yet known whether a
mediating factor is able to explain the disparate responses. Other studies have shown
increases in miR-21 with three different resistance exercise intensities in young men ~20
yrs. Cui et al. (80) divided 45 men into three equal groups that performed either three sets
of 16-20 reps at 40% muscular strength endurance, three sets of 12 reps at 70% of 1RM

muscular hypertrophy, or four sets of 6 reps at 90% 1RM maximal strength total body
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resistance exercise. MiR-21 circulating expression significantly downregulated
expression IP and then significantly upregulated from IP to 60p in the muscular
hypertrophy group. MiR-133a also decreased expression from pre to IP in the muscular
hypertrophy and maximal strength groups, but not in the muscular strength endurance
group (80).

Uhlemann et al. (83) assessed c-miRNA expression changes of miR-126 and
miR-133a before and after bouts of maximal cycle testing, 4h of cycling below the
anaerobic threshold, a marathon race, and eccentric resistance exercise with lat pulldown,
butterfly and leg press. The endurance tasks increased miR-126 but not resistance
exercise. Mir-133 was only affected with increased expression from marathon racing and
resistance exercise, both of which have an eccentric component that may reflect muscle
damage (83).

D’Souza et al. (119) also assessed c-miRNA and muscle tissue expression
changes from resistance exercise. Nine men (18-35 yrs) performed six sets of 8-10 reps at
80% 1RM on a leg press and leg extension machines. MiR-133a was increased by 2h
post-exercise in tissue, but serum increases weren’t seen until 4h. MiR-23 only decreased
at 2h and 4h post-exercise in muscle tissue, but no significant differences were seen in
plasma (119).

Contrasting results were reported by Sawada et al. (82) in 12 young men (~29 yrs)
performing bench press and leg press for five sets of ten reps at 70% 1RM. There was no
significant change for miR-133 nor miR-21 post-exercise, only downregulation of miR-

146a three days post-exercise and upregulation of miR-149a 24h post-exercise (82). It
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may be possible that 48h was not long enough to capture an expression change in the

current study.

MiR-23a and miR-133a have been shown to increase post-exercise in young

males consuming protein compared to a placebo, however the miRNAs were taken from

muscle tissue, not from the circulation (120). There were not any resistance exercise

studies found showing changes in circulating expression of miR-148a, but there has been

an increase seen in middle-aged males after running a marathon race (121).
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Figure 10. Postmenopausal miRNA responses to exercise

There are potential reasons why mean relative expression did not change over

time for either exercise modality. Margolis et al. has previously shown a disparity

between young and old men for adaptations in muscle reflected by c-miRNA expression

that only changed in young men (40). Age-associated declines in response to an exercise

stimulus may be partially attributed to deregulation of miRNA expression. The activity of

participants may have also been a factor. Faraldi et al. has shown that miRNAs are

differentially expressed based on physical activity levels, however they did not perform

any acute exercise bout to demonstrate if there are differences in response to exercise
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(122). Based on BPAQ and IPAQ questionnaires, participants in the current study were
highly active. Even within the highly active group, MET min/week ranged from 2,100 to
over 21,000. Some participants also had higher bone loading activities they took part in
like jumping, while others preferred swimming or walking.

There may also be large variability in response to the exercise stimuli. Parr et al.
(123) showed a difference in c-miR-140 between “high” and “low” responders to a diet
and exercise regimen. By comparing the first and fourth quartiles of ranked weight loss,
they were able to show only high responders increased expression that had predicted
effects on insulin-responsive tissues, lipid metabolism, and the browning of white
adipose tissue (123). The miRNAs in the current study may not be responsive to acute
bouts of resistance exercise or whole-body vibration, or not appreciably responsive in the
serum of active, healthy postmenopausal women.
Circulating miRNA Associations with Bone Variables

To be useful as biomarkers for osteoporosis detection, c-miRNAs need to
correlate with, and accurately predict, bone status. In the present study, baseline miR-21
on the WBYV day, but not RE, was negatively correlated with left trochanter BMC. This is
similar to a finding from Chen et al. that also saw the same correlation in 62 elderly
postmenopausal women, but correlations with right trochanter BMC and 38% cortical
vBMD were found that were not seen for either day in the current study (96).Wang et al.
(98) conducted one of the first studies that used circulating monocytes to find differences
in MiIRNA expression between high and low aBMD postmenopausal women. Of the 365
mMiRNAs arrayed, only miR-133a was higher expressed in the low aBMD group,

demonstrating the potential of miRNAs from circulation as viable biomarkers (98).
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Kelch et al. (124) and Seeliger at al. (12) have previously shown that circulating
miR-21, -23, and -148 are significantly upregulated in osteoporotic fracture patients
compared to non-osteoporotic and are gender-independent. Bone tissue miRNASs were
also differentially expressed in their studies and were able to accurately differentiate
between osteoporosis and osteopenia. Correlations between c-miRNAs and bone status
were not reported (12, 124). Though differences existed, samples were obtained after
fracture had already occurred and may not reflect expression pre-fracture. This is
evidenced by contrasts from Li et al. who showed that miR-21 was downregulated in
osteoporotic and osteopenic, determined by t-scores, Chinese postmenopausal women
compared to a normal group (116), and also by Yavropoulou et al. who reported lower
expression of both miR-21 and miR-23 in postmenopausal patients with a prior history of
osteoporotic vertebral fracture compared to normal, healthy controls (125).

A recent meta-analysis was performed for c-miRNAs and their potential to detect
postmenopausal osteoporosis. Studies included compared osteoporotic patients with only
healthy controls. Of the 75 miRNAs identified to be differentially expressed from 16
studies, only miR-133a-3p had a significant meta-signature from robust rank aggregation
analysis that was associated with osteoporosis (126).

While there were multiple significant pre-exercise c-miRNA correlations with
bone variables, they were not consistent across exercise days. This is mostly due to intra-
individual variations between exercise days. Poel et al. (127) assessed miRNAs in plasma
and serum of healthy subjects and cancer patients on two separate days with an average
of eight days between samples. There was low variation in expression between the testing

days for the healthy participants (127). In the current study, variation in participants’ pre-
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exercise mMiRNA expression between testing days may have been due to environmental
factors or the normalization strategy used.

Small ranges of within bone variables could have also contributed to inconsistent
correlations. Adami et al. (128) studied effects of wrist strength training on radial bone
density in 250 postmenopausal women aged 52-72 yrs. The women in their study had
lower lumbar spine, femoral neck, and trochanter densities, and were an average of about
five years younger than the present study (128). None of the women in the current study
were osteoporotic, with a narrower range in bone values than other studies in
postmenopausal women. Regardless of the underlying rationale for variability, having a
small sample size and any variability can drastically alter correlations for different testing
days.

Circulating miRNA Associations with Muscle Mass, Strength, and Power

Circulating miRNAs, including miR-133, have shown promise as biomarkers for
the muscle-related disease, Duchenne Muscular Dystrophy (129), and may have further
promise for detecting sarcopenia. In the current study, there were no significant
correlations between c-miRNAs and muscle variables. MiR-133, a canonical MyomiR
(130) from plasma, was also shown by Zhang et al. (131) to have no correlations with
knee extensor strength or changes to knee extensor strength after five months of
resistance training in older men and women. Significant changes in expression and
correlation with knee extensor strength were only found from muscle miR-133a (131). In
contrast, Halper et al. (132) found that miR-21 had a significant, though low, positive
correlation with handgrip strength in 90 elderly women 65-92 yrs. The study mainly

differed from the current by measuring absolute instead of relative expression and having
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an older mean population (132). Of note, the Framingham Heart Study evaluated 299
miRNAs and compared their expression to handgrip strength. 93 of the miRNAs had
significant false discovery rate g values, but none of the top 15 reported miRNAs were
measured in the current study (133).

D’Souza et al. (119) recently assessed the effectiveness of c-miRNA as
biomarkers for muscle size and function in middle-aged men (38-57 yrs). They found
significant negative relationships between c-miR-451a and total body lean mass and leg
lean mass, while c-miR-222 was positively related to 50% femur muscle CSA.
Interestingly, none of the c-miRNAs were significantly associated with isometric knee
extension. The authors concluded that the c-miRNAs they chose were not adequate
biomarkers for either muscle mass or strength (119).

TRAP5b

TRAPS5b, a marker of osteoclast cell number and bone resorption (134),
significantly increased post-exercise and decreased below pre-levels 24h later, even when
corrected for plasma volume shifts. None of the miRNAs measured consistently followed
this same pattern. The increase after exercise is similar to Sherk et al. where young
women performed combined RE+WBYV and RE only on separate days, however they did
not test a 24h timepoint (135). Few studies have observed acute changes in TRAP5b from
bouts of resistance exercise or whole-body vibration and there is not a definitive
mechanism that explains the decrease seen 24h post-exercise. Potentially, calcium (Ca*™)
use within exercising muscle could have induced a lowering of serum Ca*™". This has been
reported before by Ashizawa et al. (136), where urinary calcium was increased in ten men

following three sets of 60-80% 1RM resistance exercise. The authors speculated that the
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excreted calcium was derived from bone (136). Low serum calcium and/or increased
acidosis from exercise can trigger an acute increase in parathyroid hormone (PTH),
indirectly increasing osteoclast activity (137). PTH binds to receptors on osteoblasts,
increasing their expression of RANKL and inhibiting secretion of osteoprotegerin, an
inhibitor of RANK. RANKL binding to RANK on osteoclast precursors leads to eventual
differentiation into mature osteoclasts, increased osteoclast number and activity, and
short-term increased release of calcium from calcium hydroxyapatite (138). The release
of calcium during bone resorption can act through negative feedback on osteoclasts to
trigger apoptosis. This has been shown in a dose-dependent manner, with higher levels of
calcium correlating to inhibited bone resorption in rabbit osteoclasts and significant
apoptosis of osteoclasts as early as 8h after culture (139).

Absolute changes in TRAP5b did not have any correlations with c-miRNA
expression timepoints compared to pre-exercise. It was hypothesized there would be
parallels between TRAP5b and miR-133, -148 due to the positive effects the miRNAs
have on osteoclast differentiation (20). The lack of any significance could be due to other
unmeasured miRNAs, like miR-26a-5p, -34a-5p, -146a-5p, that have a negative effect on
osteoclastogenesis and interfere with the outcome of the relationship (140).

Limitations

There are several limitations to this study. The participants in this study were
mostly very active according to their IPAQ scores and may not reflect responses from all
elderly postmenopausal women. The cohort was also fairly homogenous in terms of bone
and muscle status, with no participants presenting osteoporosis in the total body, spine, or

hips, and only two participants being classified as sarcopenic according to EWGSOP

76



guidelines (141). Though some environmental factors like reported tobacco use were
controlled for, participants were not monitored outside of the study to control for
confounders like exercise, nutrition, sleep, or stress.

Normalization of miRNAs was also limited to a single spike-in RNA control.
Though the method is acceptable for MIQE guidelines (142), there are assumptions
during RNA isolation and cDNA synthesis that may have been violated (122). Inclusion
of a larger number of miRNAs or measurement of endogenous controls would have
provided the ability to use global mean normalization or geometric mean (122, 143) and

reduce variability in relative expression.
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Chapter 5: Conclusions

The primary purposes of this study were to: (1) characterize the effects of acute
bouts of resistance exercise and whole-body vibration on expression of selected c-
miRNAS in postmenopausal women aged 65-85 yrs, and (2) determine if there was a
correlation between exercise responses of c-miRNA and TRAP5b. The secondary
purpose of this study was to determine if correlations exist between baseline c-miRNAs
and muscle strength and bone characteristics.
Research Questions

1. Is c-miRNA expression (miR-21-5p, -23a-3p, -133a-3p, -148a-3p) altered in

response to single bouts of resistance exercise or whole-body vibration in

postmenopausal women?
The only significant relative expression change for any of the measured circulating
microRNAS in response to each exercise modality was for miR-21-5p. There was no
significant response when comparing the recovery days (24h, 48h) to pre-exercise
expression. The cohort also did not have any fold changes over 2 or under 0.5 for either
modality or during recovery. This could be for multiple potential reasons. The relative
expression pre exercise was quite variable with up to an 8-fold difference in pre-exercise
expression between participants for miR-21 and miR-23, over 16-fold for miR-133, and a
4-fold relative expression for miR-148. It is unknown whether having high or low initial
expression is going to affect subsequent responses from exercise. Environmental factors
like diet, physical activity outside of the study, and stress (114) were also unable to be

controlled for and may have influenced results.
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2. s there a correlation between c-miRNA expression changes and changes in
markers of bone resorption (TRAP5b) due to resistance exercise or whole-body

vibration?

There were no correlations between measured circulating microRNAs and TRAP5b in
response to either exercise modality. One reason for the lack of association is due to the
nature of c-miRNAs. While TRAP5Db concentrations from serum reflect osteoclast
number (11), circulating miRNAs can be released from a variety of tissues and may not
fully reflect what is occurring in bone tissue. Other miRNAS not measured that oppose
osteoclastogenesis, like miR-146a, -503, -125a (144), may have interfered and affected

correlations for the miRNAs that were measured.

Sub Questions
1. Isthere a correlation between pre-exercise c-miRNA and muscle strength values
and bone mineral density, geometry, and strength?
There were multiple significant correlations, however none of the correlations were
consistent between exercise visits. It has already been previously mentioned that miRNA
expression can vary considerably day to day due to various environmental factors. Those
environmental factors, primarily diet, stress, and sleep, cannot be fully controlled and
may have influenced variation between testing days. Regardless, the lack of a correlation
within each pre-exercise miRNA between testing days explains why there were no
correlations with muscle and bone status that were the same both days.
Interestingly, the significant correlations that did exist for a given exercise day
were in line with expectations. With the exception of miR-21, which can have both

positive and negative implications for bone status, the remaining studied miRNAs have
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an overall negative impact through inhibition of osteoblasts and/or promotion of
osteoclastogenesis (20). The significant correlations with bone content, density, or
strength all had negative relationships with miR-23, -133, -148 meaning higher c-miRNA
expression reflected lower bone status. The one positive relationship between miR-133
on the WBV day and TRAP5b (Appendix A) is also expected as increases in miR-133
should mean more inhibition of proteins that inhibit osteoclastogenesis, thus more

osteoclast release of TRAP5bD.

Clinical Significance

According to the Biomarkers Definitions Working Group, a biomarker is defined
as “a characteristic that is objectively measured and evaluated as an indicator of normal
biological processes, pathogenic processes, or pharmacologic responses to a therapeutic
intervention.” (145) There should be sufficient evidence that the biomarker(s) can
reasonably predict benefit or risk for a given health condition or intervention. In the
context of the current study, all four chosen microRNAs were expressed in all
participants, with the exception of one timepoint for one participant. There were multiple
significant correlations in directions that were expected between mir-21, -23, -133, -148
and bone variables that showed promise as potential predictors for bone status.
Controlling for more environmental factors, inclusion of more miRNAs, and having more
normalization options to choose from may prove the chosen miRNAs as useful
biomarkers to track bone status.

Though this study did not find any significant circulating microRNA responses to
exercise, a potential way to correct for relative concentrations due to plasma volume

shifts has been put forth.
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Suggestions for Future Research

The current study could have been improved with the addition of other
components. Recruiting participants with medically diagnosed osteoporosis and/or
sarcopenia and comparing them to our healthier cohort could have provided more of a
contrast to see differences in resting expression. It would have also given a wider range to
plot correlations on, making associations to bone and muscle status more relevant.
Running full miRNA panels, while less cost effective, would have provided hundreds of
miRNAs that could have generated a profile to predict bone and muscle status more fully.
It would have been beneficial to look at other markers of bone turnover such as P1NP,
CTX and sclerostin. It would have also been interesting to have a measure of serum
calcium, parathyroid hormone, and markers of inflammation like interleukin-6 to provide
a more detailed picture of how miRNAs are associated with bone and muscle status and
exercise responses. Other studies have had more success associating miRNAs with bone
and muscle status by incorporating miRNAs from tissue samples in addition to those
found in circulation. While muscle tissue is relatively easy to obtain through biopsy,
harvesting bone tissue is generally too invasive unless a patient is already undergoing
surgery that removes bone tissue.

While the current study found no significant changes in miRNA expression from
acute exercise, chronic adaptations and miRNA expression changes have yet to be
studied in this population. Incorporating messenger RNA targets of microRNAs can
provide much deeper insights into the interpretation of microRNA expression changes.
Also, cheaper technologies are being developed and validated that should make study of a

larger number of mMiRNAs more financially feasible. This will allow for more robust
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datasets that can provide a better picture for disease detection and also provide reduced
variability when normalizing relative expression values. There are still too few exercise
studies with miRNA analysis, especially in postmenopausal women. More research is
needed for other exercise modalities, including aerobic activities, and at varying

intensities.
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Appendix A: Full Pearson Correlation Matrix Between Baseline miRNAs and Body Composition/Strength Measures

¢0T

miR-21 (n=10) miR-23 (n=10) miR-133 (n=10) miR-148 (n=10)

WBV RE WBV RE WBV RE WBV RE
Total Body aBMD  -0.649* -0.649*
Total Body BMC -0.713*
Arms BMC -0.723*
Leg BMC -0.687* -0.727*
BMC L1-L4 -0.689*
L Fem Neck BMC -0.745* -0.754*
R Fem Neck BMC  -0.690* -0.684* -0.658*
L Troch BMD -0.689*
R Troch BMD -0.686*
R Troch BMC -0.640*
L Total Hip BMD -0.783** -0.886** -0.842**
R Total Hip BMD  -0.756* -0.757* -0.784**
L Total Hip BMC -0.731* -0.757* -0.730*
R Total Hip BMC  -0.814* -0.711* -0.782**
R Buckling Ration -0.666*
R Section Modulus  -0.658* -0.756* -0.759*
L Section Modulus -0.751* -0.751*
R CSMI -0.677* -0.702*
L CSMI -0.760* -0.790**
4% Total BMC -0.678*
4% Total vBMD 0.812**
4% Trab BMC -0.648*

4% Trab vBMD 0.736*



€0t

4% Total Area -0.652*

4% Trab Area -0.662* -0.682*
4% Total BSI -0.647*
4% Trab BSI -0.696* 0.747*

4% Peri Circ -0.661* 0.634*

38% Total BMC -0.774** -0.637* -0.848**
38% Total vBMD 0.682*

38% Cort BMC -0.804** -0.640* -0.862**
38% Cort Area -0.776** -0.660* -0.856**
38% Cort Thick -0.656*

38% Endo Circ -0.658*

66% Total BMC -0.666*

66% Total vBMD 0.784**

66% Total Area -0.672*

66% Cort BMC -0.790** -0.663*
66% Cort Area -0.716*

66% Cort Thick 0.690*

66% Peri Circ -0.657*

66% Endo Circ -0.786**

66% SSI -0.670*
R Adduction -0.736* -0.795** -0.821**
L Adduction -0.653* -0.799** -0.740*
WBYV TRAP5b Pre 0.659*

**=p<0.01

aBMD- areal Bone Mineral Density; BMC- Bone Mineral Content; L- Left; R- Right; Fem- Femoral; Troch-
Trochanter; CSMI- Cross-Sectional Moment of Inertia; vBMD- volumetric Bone Mineral Density; BSI- Bone
Strength Index; Peri- Periosteal; Circ- Circumference; Endo- Endosteal; Thick- Thickness
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Institutional Review Board for the Protection of Human Subjects

Initial Submission — Board Approval

Date: August 14, 2018 IRE#: 9565
To: Debra A Bemben, PhD Meeting Date: 08/06/2018
Reference Number: 680897 Approval Date: 08142018

Expiration Date: 07731/2019

Study Title: Alterations in Bone Markers and c-miRMNA Expression from 'Whole-Body Vibration and Resistance
Exercise in Postmenopausal YWomen

Study Status: Active - Open

At its regularly scheduled meeting the IRB reviewed the above-referenced research study. Study documents
associated with this submission are listed on page 2 of this letter. To review andfor access the submission
forms as well as the study documents approved for this submission, open this study from the My Studies option,
click to open this study, look under Protocol Items to click on the current Application, Informed Consent and
Other Study Documents.

If this study required routing through the Office of Research Administration (ORA), you may not begin
your study yet, as per OUHSC Institutional policy, until the contract through ORA is finalized and
signed.

As principal investigator of this research study, it is your responsihility to:

« Conduct the research study in a manner consistent with the requirements of the IRB and federal
regulations at 45 CFR 46 and/or 21 CFR 50 and 56.

+ Request approval from the IRB prior to implementing amy'all modifications.

«  Promptly report to the IRE any harm experienced by a participant that is both unanficipated and related
per IRB Paolicy.

+ Maintain accurate and complete study records for evaluation by the HRPP quality improvement
program and if applicable, inspection by regulatory agencies andfor the study sponsor.

«  Promptly submit continuing review documents to the IRB upon notification approximately 60 days prior
to the expiration date indicated above.

In addition, it is your responsibility to obtain informed consent and research privacy authorization using the
cumently approved, stamped forms and retain all original, signed forms, if applicable.

If you have questions about this notification or using iRIS, contact the IRBE at 405-271-2045 or ih@ouhsc.edu.

%ﬂm n, MD i E

Chairperson, Institutional Review Board

110F N. Stonewall Avenne, Oklabhoma City, OK 73117 (FWAODGDTRE1)
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Appendix C: Informed Consent and HIPAA

T01A Consent | OUHSC IEB Version Date: 06/26/2018
IFB Mumber: 9569

Consent Form
University of Oklahoma Health Sciences Center (OUHSC)
University of Oklahoma — Norman Campus

Alterations in Bone Markers and c-miENA Expression from Whoele-Body Vibration
and Resistance Exercise in Postmenopausal Women
Sponser: OU Department of Health and Exercise Science
Principal Investigator: Debra Bemben, PhD

This is a research study. Research studies involve only individuals who choose to participate.
Please take your time to make your decision. Discuss this with your family and friends.

Why Have I Been Asked To Participate In This Study?
You are being asked to take part in this study because you are a postmenopausal woman in the
age range of 65-85 years old.

Why Is This Study Being Done?

Exercise can have positive effects on bone health in postmenopausal women. This study is being
done to assess the effects of resistance exercise and whole-body vibration on changes in selected
bone blood tests.

How Many People Will Take Part In The Study?
About 12 women will take part in this study, all at this location.

What Is Involved In The Study?

+ If you take part in this study, nine visits will be needed. The first visit consists of consent,
blood pressure, and questionnaires, which will take approximately one hour. You will
sign and date the informed consent and HIPAA form and complete the Health Status
Questionnaire, International Physical Activity Questionnaire, Bone-Specific Physical
Activity Questionnaire, Calcium Intake Questionnaire. and the menstrual history
questionnaire. Blood pressure measurement —will be measured at least twice

* Medical clearance form- if you meet all the inclusion and exclusion criteria you will be
given this form to bring to your personal physician for approval to participate in this
study.

The second visit consists of a series of tests to evaluate bone density and body composition,
functional performance tests, and exercise familiarization which will take about 2 hours.
* Height and Weight (~5 min) — your height and weight will be measured.
* Series of bone scans using DX A (~40 min) — will be used to measure the bone density of
vour whole body, lower back and both hips and your body fat and lean tissne values.
Also, vour 10 vear risk (FRAX score) for having a fracture related to osteoporosis will be
determined. These tests are non-invasive. You will be lying on your back on the D3A
table for the scans and you will be required fo remain still during the procedures. DA is
a radiation procedure and is for research purposes only. There are risks associated with
DXA which will be addressed below.

Pagelof5 % RE NUMBER: 3569
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* Series of bone scans using pQCT (~25 min) — 3 scans on your non-dominant (non-
kicking) lower leg. These tests only require you sit still in a chair while the scanner
measures your lower leg at three locations. The pQCT utilizes radiation and is for
research purposes only.

+* Handgrip Test (~10 min) — Grip strength will be measured with a handgrip dyvnamometer
while in a seated position with the back supported. Starting with vour right hand, you will
squeeze the dynamometer as hard as possible for a maximum of 3 seconds. A rest period
of 30 seconds will be given and then the procedure will be repeated on your left hand.
This will occur for a total of 3 trials on each hand.

* Jump Test (~10 min) — Muscle power will be assessed by a jump test. You will stand in
the center of the jump mat. crouch while swinging their arms, and jump up as high as
possible, landing in the center of the mat. One minute of rest will be provided between
Jjumps with a total of 3 successful attempts recorded and averaged.

* Familiarization (~30 min) — A member of the research team will instruct vou on correct
techniques for the resistance exercises and whole-body vibration platform during
familiarization. After the instruction, you will be allowed to practice each exercise. For
example, you will perform lat pulldowns with minimal resistance to become familiar with
the movement pattern.

The third visit will consist of 1 Repetition Maxinmm Testing (1EM) (~1.5 hrs) to assess how
much weight vou can lift on each machine The exercises that will be used for this study inchide:
leg press, shoulder press, lat pulldown, leg extension, and hip adduction machines. You will
warnmp for 3 mimites at a self-selected comfortable pace and resistance on a stationary bicycle.
FEach resistance exercise will have an additional warmup at a light weight, with increases in
weight until a maxinum is achieved.

WVisits 4 and 7 will consist of the two exercise sessions (resistance exercise, whole-body
vibration) performed in random order. These 2 exercise sessions (visits 4 and 7) will be separated
by about 10 to 14 days.

* For the resistance exercise session (~2 hrs), you will perform resistance exercises in the
following order: leg press, shoulder press, lat pulldown, leg extension, and hip adduction.
There will be three sets of 10 repetitions per exercise at 70% of 1EM with 2-3 minutes of
rest between sefs and exercises.

* For the whole-body vibration session (~1.5 hrs), you will stand with knees bent on the
vibration platform for 5 vibration bouts performed for 1 minute with 1 minute of rest
between bouts.

* For both exercise sessions, blood samples (~2 teaspoons) will be collected between 8:00
and 9:00 am_ after an 8-hour overnight fast before exercise, immediately after exercise,
and one hour affer exercise.

WVisits 5, 6, 8, and 9 consist of blood draws (~30 min each). A blood sample (~2 teaspoons) will

be collected via venipuncture by a murse or registered phlebotomist 24 (visits 5 and 8) and 48
(visits 6 and 9) hours post-exercise for each exercise condition
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How Long Will I Be In The Study?
We think that you will be in the study for 9 visits lasting for a total of 10 hours over 17-21 days.

There may be unanticipated circumstances under which your participation may be terminated by
the investigator without regard to your consent. Your participation may be terminated based on:
* Hypertension
* If you start medications impacting bone health
s New bone fractures

You can stop participating in this study at any time. However, if vou decide to stop parficipating
in the study, we encourage vou to talk to the researcher first.

What Are The Risks of The Study?

While in the study, you are at risk for these side effects. However, there may also be
unforeseeable risks with participation. You should discuss these with the researcher prior to
providing your consent.

Risks and side effects related to having pQCT and DXA scans:

This study involves radiation exposure from 3 DXA scans and 3 pQCT scans, which are types of
x-ray procedures. These procedures are for research only and not needed for your medical care.
The amount of additional radiation to which you will be exposed is approximately 1% of the
amount of radiation to which we are exposed anmually from background sources such as the
Earth and Sun. In addition to any radiographic procedures that are being done as part of this
research, you may also be exposed to radiation from procedures that are part of your normal care.
The risk from radiation exposure increases over your lifefime as you receive additional exposure
to radiafion.

Risks and side effects related to functional performance tests:

There is slight possibility of mild soreness due to muscle strength and power testing.
Additionally, there is a slight risk of mjury/fall during jumping tests. You might get dizzy from
the vibration.

Risks and side effects of blood draws:
There may be temporary minor discomfort from needle puncture and also a potential for slight

Are There Benefits to Taking Part in The Study?
There are no direct benefits from participating in this study.

What Other Options Are There?
You may choose not to participate.

What About Confidentiality?
Efforts will be made to keep your personal information confidential. You will not be identifiable
by name or description in any reports or publications about this study. We cannot guarantee
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absolute confidentiality. Your personal information may be disclosed if required by law. You
will be asked to sign a separate authorization form for use or sharing of your protected health
information.

There are organizations outside the OUHSC that mav inspect and/or copy vour research records
for quality assurance and data analysis. These organizations include the US Food & Dmug
Administration and other regulatory agencies, and the OU Department of Health & Exercise
Science and its representatives. The OUHSC Human Research Participant Program office, the
QUHSC Institutional Review Board, and the OUHSC Office of Compliance may also inspect
and/or copy your research records for these purposes.

What Are the Costs?
There is no cost to you for participating in this sudy.

Will I Be Paid For Participating in This Study?
There will be no compensation for participation in this study.

What if I am Injured or Become Il While Participating in this Study?

In the case of injury or illness resulting from this study, emergency medical treatment is
available. However, you or your insurance company may be expected to pay the usual charge for
this treatment. No funds have been set aside by the University of Oklahoma or the University of
Oklahoma Health Sciences Center to compensate you in the event of injury.

What Are My Rights As a Participant?
Taking part in this study is voluntary. You may choose not to participate. Refusal to parficipate
will involve no penalty or loss of benefits to which you are otherwise enfitled.

If yvou agree to participate and then decide against it, you can withdraw for any reason and leave
the study at any time. However, please be sure to discuss leaving the study with the principal
investigator. You may disconfinue your participation at any time without penalty or loss of
benefits. to which you are otherwise entitled.

We will provide you with any significant new findings developed during the course of the
research that may affect your health welfare or willingness to continue your participation in this
study.

You have the night to access the medical information that has been collected about you as a part
of this research study. However, you may not have access to this medical information until the
entire research study has completely finished and vou consent to this temporary restriction.

Whom Do I Call If I have Questions or Problems?
If yvou have questions, concems, or complaints about the study or have a research-related injury.
contact Dr. Debra Bemben 24/7 at 405-306-3194 or dbemben@ou.edu.

If yvou cannot reach the Investigator or wish to speak to someone other than the investigator,
contact the OUHSC Director, Office of Human Research Participant Protection at 405-271-2045.
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For questions about your rights as a research participant. contact the OUHSC Director, Office of
Human Research Participant Protection at 405-271-2045.

Future Communications
The researcher would like to contact you again to recruit you into future studies or to gather
additional information.

I give my permission for the researcher to contact me in the future.

I do not wish to be contacted by the researcher again.

Signature:

By signing this form, you are agreeing to participate in this research study under the conditions
described. You have not given up any of your legal rights or released any individual or entity
from liability for negligence. You have been given an opportunity to ask questions. You will be
given a copy of this consent document.

I agree to participate in this study:

PARTICIPANT SIGNATURE (age =18) Printed Name Date

SIGNATURE OF PERSON Printed Name Date

OBTAINING CONSENT

PagE 5of5 Q' RE NUMBER: 9569

RE APPROVAL DATE: 08142018
AR e SePrATONSAoe 7 ot

109



University of Oklahoma Health Sciences CenterResearch Privacy Form 1
PHI Research Authorization

AUTHORIZATION TO USE or SHARE
HEALTH INFORMATION THAT IDENTIFIES YOU FOR RESEARCH
An Informed Consent Document for Research Participation may also be required.
Form 2 must be used for research involving psychotherapy notes.

Title of Research Project: Alterations in Bone Markers and c-miRNA Expression from Whole-

Body Vibration and Resistance Exercise in Postmenopausal Women
Leader of Research Team: Debra Bemben Ph.D.
Address: 1401 Asp Avenue, Norman, OK, 73019

Phone Number: 405-325-2700

If vou decide to sign this document, University of Oklahoma Health Sciences Center (OUHSC)
researchers may use or share information that identifies vou (protected health information) for their
research. Protected health information will be called PHI in this document.

PHI To Be Used or Shared Federal law requires that researchers get your permission
{authorization) to use or share your PHL If you give permission, the researchers may use or share
with the people identified in this Authonization any PHI related to this research from your medical
records and from any test results. Information used or shared may include all information relating to
any tests, procedures, surveys, or interviews as outlined in the consent form; medical records and
charts; name, address, telephone number, date of birth, race, government-issued identification
numbers, and answers to questionnaires and DXA and pQCT results.

Purposes for Using or Sharing PHI. If you give permission, the researchers may use your PHI to
investigate the effects of acute bouts of resistance exercise and whole-body vibration on expression
of selected c-miRINAs in postmenopausal women aged 65-85 years.

Other Use and Sharing of PHI If yvou give permission, the researchers may also use your PHI to
develop new procedures of commercial products. They may share your PHI with other researchers.
the research sponsor and its agents, the OUHSC Institutional Review Board, auditors and inspectors
who check the research and government agencies such as the Food and Dmg Administration (FDA)
and the Department of Health and Human Services (HHS), and when required by law. The
researchers may also share your PHI with no one else.

Confidentialitv. Although the researchers may report their findings in scientific journals or meetings,
they will not identify you in their reports. The researchers will try to keep your information
confidential, but confidentiality is not guaranteed. The law does not require everyone receiving the

! Protected Health Information includes all identifiable information relating to any aspect of an individual’s
health whether past, present or future, created or maintained by a Covered Entity.

IRE Office Use Only RE NUMBER: 9569
Version 01062016 QI RE APPROVAL DATE: 08142018
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University of Oklahoma Health Sciences CenterResearch Privacy Form 1
PHI Research Authorization

information covered by this document to keep it confidential, so they could release it to others, and
federal law may no longer protect it.

YOU UNDERSTAND THAT YOUR PROTECTED HEALTH INFORMATION MAY
INCLUDE INFOEMATION REGARDING A COMMUNICABLE OR NONCOMMUNICABLE
DISEASE.

Voluntary Choice. The choice to give OUHSC researchers penmission to use or share your PHI for
their research is voluntary. It is completely up to vou. No one can force you to give permission
However, you must give permission for OUHSC researchers to use or share your PHI if you want to
participate in the research and, if you cancel your authorization, yvou can no longer participate in this
study.

Refusing to give permission will not affect your ability to get routine treatment or health care unrelated
to this study from OUHSC.

Canceling Permission. If you give the OUHSC researchers permission to use or share your PHI,
vou have a right fo cancel your permission whenever you want. However, canceling vour permission
will not apply to information that the researchers have already used, relied on, or shared or to
information necessary to maintain the reliability or integrity of this research.

End of Permission. Unless you cancel it, permission for OUHSC researchers to use or share your
PHI for their research will never end.

Contacting OUHSC: You may find out if your PHI has been shared, get a copy of your PHI, or
cancel your permission at any time by writing to:

Privacy Official or Privacy Board

University of Oklahoma Health Sciences Center  University of Oklahoma Health Sciences Center
PO Box 26001 PO Box 26901

Oklahoma City, OK 73190 Oklahoma City, OK 73120

If you have questions, call: (405) 271-2511 or (405) 271-2045.

Access to Information. You have the right to access the medical information that has been collected
about you as a part of this research study. However, you may not have access to this medical
information until the entire research study is completely finished. You consent to this temporary
restriction.

Giving Permission. By signing this form_ you give OUHSC and OUHSC’s researchers led by the
Research Team Leader permission to share your PHI for the research project listed at the top of this
form.

Patient/Participant Name (Print):

IRB Office Use Only RE NUMBER: 9569
Version 0110872018 Ql RE APPROVAL DATE: 08142018
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University of Oklahoma Health Sciences CenterResearch Privacy Form 1
PHI Research Authorization

Signature of Patient-Participant Date
or Parent if Participant is a minor

Or

Signature of Legal Representative™** Date

**f signed by a Legal Representative of the Patient-Participant, provide a description of the
relationship to the Patient-Participant and the authority to act as Legal Representative:

QUHSC may ask you to produce evidence of your relationship.

A signed copy of this form must be given to the Patient-Participant or the Legal Representative af
the time this signed form is provided fo the researcher or his representative.

IRE Office Use Only RE NUMBER: 9569
Version 01/06/2016 QI RE APPROVAL DATE: 08142018
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Appendix D: Recruitment Flier

Female Participants Needed

Alterations in Bone Markers and c-miRNA Expression from Whole-Body
Vibration and Resistance Exercise in Postmenopausal Women

To Participate
- Women 65-85 years old
- Not current smokers
- No diabetes or uncontrolled hypertension
- No fractures within 12 months
- No metal implants at hip or spine

- Not taking medications known to affect bone or muscle mass, ie. corticosteroids
hormone replacement therapy. etc. (except for osteoporosis treatment)

Required Testing
- 4 DXA & 3 pQCT bone scans

- 1 Repetition Max testing: leg press. shoulder press. lat pulldown. leg extension.
and hip adduction
- Functional Performance Testing: handgrip. and jump test

- Resistance Exercise
- Whole-body vibration
- Blood Sampling pre. immediately-post. and 1-hour post-exercise sessions and 24

and 48 hours after exercise sessions
There are possible risks involved with participation, including risks associated with radiation exposure and blood draw.

9 visits required
Total time commitment about 10 hours
Tests will take place at Huston Huffman Center Bone Density Lab,
University of Oklahoma Norman Campus

If you are eligible and interested, please contact:
Samuel Buchanan at 940-389-4807, Samuel.r.buchanan-l(@ou.edu
Principal Investigator: Dr. Debra Bemben
Department of Health and Exercise Science

The University of Oklahoma is an equal opportunity institution. IRB 9569
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Appendix E: Screening Material and Questionnaires

Screening Checklist

Alterations in Bone Markers and c-miRMNA Expression from Whole-Body Vibration

and Resistance Exercise in Postmenopausal Women

Name: Date:

Does participant meet the inclusion criteria for the study?
Yes
Women 65-85 years
Independent living
Does participant have any exclusion criteria for the study?
Current smoker
Diabetes
Uncontrolled hypertension
Recent fractures (during the preceding 12 months)

Restrictions to perform functional performance or tests,
e.g. myocardial infarction/congestive heart failure/
strokes/back surgery within the past 6 months

Degenerative neuromuscular conditions, e.g. Parkinson’s disease

Taking medications known to affect bone mass or
muscle mass, e.g. corticosteroids, S5RI
[except for osteoporosis drugs)

Joint replacement/metal implants at hip or spine
Weight over 350 lbs or height over 6’4"

Qualified for the study?

Pl approval Date
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Bone Density Research Laboratory
OU Department of Health and Exercise Science
Health Status Questionnaire

Complete each question accurately. All information pravided is confidential.

Part 1. Information about the individual

1.
Date
2.
Legal name Ethnicity
3.
Mailing address
Home phone Business/cell phone
4 Gender (circle ong):  Female Male
5. Year of birth: Age

6. Number of hours worked per week:
MA (retired) Lessthan 20 20-40 41-60 Ower 60

If not retired, more than 25% of time spent on job (circle all that apply)

Sitting at desk Lifting or carrying loads Standing Walking Driving

Part 2. Medical history

7. Circle any who died of heart attack before age 50:
Father Muother Brother Sister Grandparent

8.Date of: Last medical physical exam: Last physical fitness test:
Year Year

9. Circle operations you have had:
Back Heart Kidney Eyes Joint Meck Ears Hermia Lung Other NONE

RE NUMBER: 9562
QI FE APPROVAL DATE: 092012013
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10. Please circle any of the following for which you have been diagnosed or treated by a health professional:

Alcoholism Diabetes Kidney problem
Anemia, sickle cell Emphysema Mental illness
Anemia, other Epilepsy Neck strain
Asthma Eye problems Obesity
Back strain Gout Osteoporosis
Bleeding trait Hearing loss Phlebitis
Bronchitis, chronic Heart problems Rheumatoid arthritis
Cancer High blood pressure Stroke
Cirrhosis, liver Hypoglycemia Thyroid problem
Concussion Hyperlipidemia Ulcer
Congenital defect Infectious mononucleosis Other NONE
11. Circle all medicine taken in last 6 months:
Asthma (list type) High-blood-pressure medication (list type)
Blood thinner Epilepsy medication Thyroid
Corticosteroids Estrogen Diuretic
Depression Heart-rhythm medication Digitalis
Diabetic pill Insulin Nitroghycerin
Other NOMNE

12. Any of these health symptoms that occurs frequently is
indicating how often you have each of the following:

the basis for medical attention. Circle the number

1 = Practically never 2 = Infrequently 3 = Ssometimes 4 = Fairly often 5 =Very often
a. Cough up blood d. Leg pain g. Swollen joints
1 2 3 45 12 3 45 12 3 45
b. Abdominal pain e. Arm or shoulder pain h. Feel faint
1 2 3 45 12 3 4 5 12 3 45
c. Low back pain f. Chest pain I. Dizziness
1 2 3 45 12 3 4 5 1 2 3 45
j. Breathless with slight exertion
1 2 3 4 5
Part 3. Health-related behavior
13. Do you now smoke? Yes Mo
14. If you are a smoker, indicate number smoked per day:
Cigarettes: 40ormore  20-39 10-19 19
Cigars or pipes only: 5 or more or any inhaled Less than 5, none inhaled
15. Weight now: Ib. One year ago: Ib. Age 21 (if applicable): Ib.
16. Do you engage in exercise or hard physical labor at least three times a week? YES MO

FE NUMBER: 9569
RE APPROVAL DATE: D9/202014
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INTERNATIONAL PHYSICAL ACTIVITY QUESTIONNAIRE
(October 2002)

LONG LAST 7 DAYS SELF-ADMINISTERED FORMAT

FOR USE WITH YOUNG AND MIDDLE-AGED ADULTS (15-69 years)

The Intemational Physical Activity Questionnaires (IPAQ) compnses a set of 4 questionnaires.
Long (5 activity domains asked independently) and short (4 generic items) versions for use by
either telephone or self-administered methods are available. The purpose of the questionnaires
is to provide common instruments that can be used to obtain internationally comparable data on
health—related physical activity.

Background on IPAQ

The development of an international measure for physical activity commenced in Geneva in
1998 and was followed by extensive reliability and validity testing undertaken across 12
countries (14 sites) during 2000. The final results suggest that these measures have acceptable
measurement properties for use in many settings and in different languages, and are suitable
for national population-based prevalence studies of participation in physical activity.

Using IPAQ

Use of the IPAQ instruments for monitoring and research purposes is encouraged. It is
recommended that no changes be made to the order or wording of the questions as this will
affect the psychometric properties of the instruments.

Translation from English and Cultural Adaptation

Translation from English is encouraged to facilitate worldwide use of IPAQ. Information on the
availability of IPAQ in different languages can be cbtained at www.ipag ki.se. If a new
translation is undertaken we highly recommend using the prescnbed back translation methods
available on the IPAQ website. If possible please consider making your translated version of
IPAQ available to others by contributing it to the IPAQ website. Further details on translation
and cultural adaptation can be downloaded from the website.

Further Developments of IPAQ
International collaboration on IPAQ is on-going and an International Physical Activity
Prevalence Study is in progress. For further information see the IPAQ website.

More Information

More detailed information on the IPAQ process and the research methods used in the
development of IPAQ) instruments is available at www.ipag.ki.se and Booth, M.L. (2000).
Assessment of Physical Activity: An International Perspective. Research Quarterly for Exercise
and Sport, 71 (2): s114-20. Other scientific publications and presentations on the use of IPAQ
are summarized on the website.

RE NUMBER: 9569
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INTERNATIONAL PHYSICAL ACTIVITY QUESTIONNAIRE

We are interested in finding out about the kinds of physical activities that people do as part of
their everyday lives. The questions will ask you about the time you spent being physically active
in the last 7 days. Please answer each question even if you do not consider yourself to be an
active person. Please think about the activities you do at work, as part of your house and yard
work, to get from place to place, and in your spare time for recreation, exercise or sport.

Think about all the vigorous and moderate activities that you did in the last 7 days. Vigorous
physical activities refer to activities that take hard physical effort and make you breathe much
harder than normal. Moderate activities refer to activities that take moderate physical effort and
make you breathe somewhat harder than normal.

PART 1: JOB-RELATED PHYSICAL ACTMITY

The first section is about your work. This includes paid jobs, famming, volunteer work, course
work, and any other unpaid work that you did outside your home. Do not include unpaid work
you might do around your home, like housework, yard work, general maintenance, and canng
for your family. These are asked in Part 3.

1 Do you currently have a job or do any unpaid work outside your home?
I:I Yes
D No == Skip to PART 2: TRANSPORTATION

The next questions are about all the physical activity you did in the last 7 days as part of your
paid or unpaid work. This does not include traveling to and from work.

2. During the last 7 days, on how many days did you do vigorous physical activities like
heavy lifting, digging, heavy construction, or climbing up stairs as part of your work?
Think about only those physical activities that you did for at least 10 minutes at a fime.

___ days per week
D Mo vigorous job-related physical activity — Skip to question 4
3. How much time did you usually spend on one of those days doing vigorous physical
activities as part of your work?
__ hours per day

minutes per day
4. Again, think about only those physical activities that you did for at least 10 minutes ata
time. During the last 7 days, on how many days did you do moderate physical activities
like carrying light loads as part of your work? Please do not include walking.
days per week
D Mo moderate job-related physical activity — Skip to question 6
Q' RE NUMBER: 9562
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5 How much time did you usually spend on one of those days doing moderate physical
activities as part of your work?

hours per day
minutes per day

6. During the last 7 days, on how many days did you walk for at least 10 minutes at a time
as part of your work? Please do not count any walking you did to fravel to or from
work.

days per week
|:| Mo job-related walking m— Skip to PART 2: TRANSPORTATION
T. How much time did you usually spend on one of those days walking as part of your
work?
hours per day
minutes per day

PART 2: TRANSPORTATION PHYSICAL ACTIVITY

These questions are about how you traveled from place to place, including to places like work,
stores, movies, and so on.

8. During the last 7 days, on how many days did you travel in a motor vehicle like a frain,
bus, car, or tram?

days per week
|:| Mo traveling in a motor vehicle — Skip to question 10
9. How much time did you usually spend on one of those days traveling in a train, bus,
car, tram, or other kind of motor vehicle?
hours per day
minutes per day

Mow think only about the bicycling and walking you might have done to travel to and from
work, to do erands, or to go from place to place.

10.  During the last 7 days, on how many days did you bicycle for at least 10 minutes at a
time to go from place to place?

days per week
|:| Mo bicycling from place to place — Skip to question 12

RE NUMBER: 3569
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11. How much time did you usually spend on one of those days to bicycle from place to
place?

hours per day
minutes per day

12, During the last 7 days, on how many days did you walk for at least 10 minutes at a time
to go from place to place?

days per week
D No walking from place to place == Skip to PART 3: HOUSEWORK,
HOUSE MAINTENANCE, AND
CARING FOR FAMILY

13. How much time did you usually spend on one of those days walking from place to
place?

hours per day
minutes per day
PART 3: HOUSEWORK, HOUSE MAINTENANCE, AND CARING FOR FAMILY

This section is about some of the physical activities you might have done in the last 7 days in
and around your home, like housework, gardening, yard work, general maintenance work, and
caring for your family.

14.  Think about only those physical activities that you did for at least 10 minutes at a time.
During the last T days, on how many days did you do vigorous physical activities like
heavy lifting, chopping wood, shoveling snow, or digging in the garden or yard?

days per week
D Mo vigorous activity in garden or yard — Skip to question 16

15. How much time did you usually spend on one of those days doing vigorous physical

activities in the garden or yard?

hours per day
minutes per day

16.  Again, think about only those physical activities that you did for at least 10 minutes at a
time. During the last 7 days, on how many days did you do moderate activities like
carrying light loads, sweeping, washing windows, and raking in the garden or yard?

days per week

D Mo moderate acfivity in garden or yard — Skip to question 18
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17.

18.

19.

How much time did you usually spend on one of those days doing moderate physical
activities in the garden or yard?

hours per day
minutes per day

Once again, think about only those physical activities that you did for at least 10 minutes
at a time. During the last 7 days, on how many days did you do moderate activities like
carrying light loads, washing windows, scrubbing floors and sweeping inside your
home?

days per week

D No moderate activity inside home ===  Skip to PART 4: RECREATION,
SPORT AND LEISURE-TIME
PHYSICAL ACTIVITY

How much time did you usually spend on one of those days doing moderate physical
activities inside your home?

hours per day
minutes per day

PART 4: RECREATION, SPORT, AND LEISURE-TIME PHYSICAL ACTIMITY

This section is about all the physical activities that you did in the last 7 days solely for
recreation, sport, exercise or leisure. Please do not include any activities you have already
menticned.

20.

21.

Mot counting any walking you have already mentioned, during the last 7 days, on how
many days did you walk for at least 10 minutes at a time in your leisure time?

days per week
|:| Mo walking in leisure time — Skip to question 22

How much time did you usually spend on one of those days walking in your leisure
time?

hours per day
minutes per day

Think about only those physical activities that you did for at least 10 minutes at a time.
During the last 7 days, on how many days did you do vigorous physical activities like
aerobics, running, fast bicycling, or fast swimming in your leisure time?

days per week

|:| Mo vigorous activity in leisure time ’ Skip to question 24
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23, How much fime did you usually spend on one of those days doing vigorous physical
activities in your leisure time?

hours per day
minutes per day

24 Again, think about only those physical activities that you did for at least 10 minutes at a
time. During the last 7 days, on how many days did you do moderate physical activities
like bicycling at a regular pace, swimming at a regular pace, and doubles tennis in your
leisure time?

days per week

D No moderate activity in leisure time === Skip to PART 5: TIME SPENT
SITTING

25 How much time did you usually spend on one of those days doing moderate physical
activities in your leisure time?
hours per day
minutes per day

PART 5: TIME SPENT SITTING

The last questions are about the time you spend sitting while at work, at home, while doing
course work and during leisure time. This may include time spent sitting at a desk, visiting
frends, reading or sitting or lying down to watch television. Do not include any time spent sitting
in a motor vehicle that you have already told me about.

26.  During the last 7 days, how much time did you usually spend sitting on a weekday?

hours per day
minutes per day

27. During the last 7 days, how much time did you usually spend sitting on a weekend
day?

hours per day
minutes per day

This is the end of the questionnaire, thank you for participating.
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Bone-Specific Physical Activity Questionnaire (BPAQ)
University of Oklahoma Bone Density Research Laboratory

| SUBIECT ID: | DATE:

1. Please list all sports or other physical activities you have participated in regularly. See the

attached list for examples of physical activities,

Please place a “¥™ in the boxes to indicate how old you were for each sport/activity and how

many years you participated for.

I%‘E: 1 F 3 4 L a ) a 2 1] 11 1z 13 1 LE 2 23 24 2
Activities
%E. - ) - = = n 3 3 n L ® 3 3E L] 413 a7 SE 4% L )
Activities
1 RE MUMEZR: 5569

123

REB APPROVAL DATE: DEN&2015



Bone-Specific Physical Activity Questionnaire (BPAQ)
University of Oklahoma Bone Density Research Laboratory

|5UB.IECT ID:

| DATE:

Age: £+ % LE R -] ¥ ¥ EN
Activities

,%E: r n E aE n 1 b - aa 26 *» -
Activities
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Bone-Specific Physical Activity Questionnaire (BPAQ)

University of Oklahoma Bone Density Research Laboratory

SUBIECT ID:

DATE:

2. Please list the sports or other physical activities (be as specific as possible) you

participated in regularly during the last 12 months and indicate the average frequency

[sessions per week)?

Activity:

Activity:

Activity:

Activity:

Activity:

Activity:

Activity:

Activity:

Frequency (per week):

Frequency (per week):

Frequency (per week):

Frequency (per week):

Frequency (per week):

Frequency (per week):

Frequency (per week):

Frequency (per week):

BONE-SPECIFIC PHYSICAL ACTIVITY QUESTIONNAIRE
Developed by B.K. Weeks and B.R. Beck
Griffith University, QLD, Australia
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Participant 1D

BONE DENSITY RESEARCH LABORATORY

DEPARTMENT OF HEALTH AND EXERCISE SCIENCE
UNIVERSITY OF OKLAHOMA

CALCIUM INTAKE ESTIMATION

TODAY'S DATE:

Complete this form (where indicated) fo represent your dietary intake in the past year.

| EAT THIS FOOD:

EVERY WEEK EVERY DAY
Tally Score Food Type serving size servingsiweek servingsiday
300 Millk- whole, 2%, skim 1cup
150 Cheese food or spread 1oz
150 Cheess sauce 1/4 cup
150 American cheese 1 slice
150 Coftage chesse 1cup
250 Ricotta cheese 10z
150 Blue cheese Y oup
200 Matural cheese (except cream cheese) includes 1oz
cheddar, Swiss, mozzarella, etc.
285 Buttermilk 1 cup
300 Yogurt, favored or plain 1eup
450 Fast Food Mikshake 2oz
185 Cocoa from mix 1 packst
330 Egagniog 1 cup
28D Chaocolate mik 1eup
250 Macaroni and cheese, cheese souffle, lasagna, 1 senving
quiche, cannelloni, pizza

180 Cream soup or chowder with mik 1 cup
115 Almonds 113 cup
180 Broccoli 1 cup
85 Bieet greens, spinach ¥ cup
160 Baked beans 1 cup
100 Figs 5 dried
140 Scalloped potatoes 1 cup
150 Soybeans 1eup
150 Tofu Yaoup
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Tally Score Food Type Serving size servingsiweek servingsiday
a0 Bread, white or whole grain 1 slice
120 Waffle or pancake 1 lange
A0 Muffin, biscuit. combread 1 medium
40 Riolls, buns s
225 Egg McMuffin 1
130 Fast food cheeseburger or hamburger 1
110 Enchilada or bean burrito 1
125 Creamed fish and meats 1 cup
130 Shellfish, cooked 4 oz
200 Canned salmon with bones ¥ocup
200 Sardines, smelts, heming Yaoup
100 Fudgesicle 1
125 Custard pie 1 slice
175 lce cream or ice milk 1cup
120 Pudding with milk ¥ooup
200 Frozen yogurt 1 cup

Please list below any dietary supplements (single and muli-vitamins, calcium, herbal etc.) you take
dailyfweskly, including the brand name, amount (mg} per dose and total number of doses per day (or per
week if not taken daily).

1.
2
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Bone Density Research Laboratory
Depanment of Health and Exercise Science, University of Oklahoma

MENSTRUAL HISTORY QUESTIONNAIRE

Mame: Date:

We are asking you to give us as complete a menstrual history as possible. All information you provide

will be strictly confidential.

SECTION A. CURRENT MENSTRUAL STATUS

1. At what age did you experience your final menstroal period?

2 Have you had a hysterectomy (surgical removal of the uterus)? If yes, at what age did you have this swgery?

3. Hawe you had vour ovaries removed? If yes, at what age did you have this surgery?

4 Are you currently on estrogen and/or progesterone replacement therapy?  If no, skip to question 5.
If ves, how long have you been on hormene replacement therapy?

What are the brand name. dosage, and type (e. g., pills, cream, patch) of hormone medication you are taling?

5. Have you taken estrogen and/or progestercne replacement in the past? If no, skip to SECTION B.
If yes, what was the type (e.g., pills, cream patch) and dosage of the medication?
At what age did you start taking hormene replacement?
How long did you continue taking the hormone replacement?

RE NUMBER: 9569
Q’ RE APPROVAL DATE: 08142018

128



At what age and why did you stop taking hormone replacement?

6. If you answered yes to questions 4 or 3, did you experience any side effects (e.g, weight gain mood swings,
headaches) while talang hormene replacement?

If yes, please list the side effects.
SECTION B: PAST MENSTRUAL HISTORY
1. Approxmmately at what age did you expenience your first menstrual peniod?

2 Were your periods regular (occwring monthly) during the first two years after menstruation began? If no, at what
age did your periods eventually become regnlar?

3. Did you perform any form of athletic training prior to your first menstrual period? If ves, indicate type of
training (e.g., gymmnastics, track, basketball, etc.) and the mumber of vears you trained for each activity.

4 Has there been any time in the past where your periods were uregular or absent? If no, skip to question 5.

If yes, did these periods coincide with unnsual bouts of training, or with a peried of stress?
How leng did this ocow?

5. Have you ever consulted a doctor about menstrual problems (specifically, about irregular or nussing periods)? If
no, skip to question 6.
If yes, what was the diagnosis (e.g., shortened luteal phasze, amenorrhea)?

Hawe you ever been tested to determine if you were ovulating normally?

6. Hawe you ever consulted a physician about any problems relating to vour hormonal system? If so, please explain

RE NUMBER: 9569
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Participant Medical Clearance Form
University of Oklahoma Bone Density Laboratory

Dear Doctor,

Your patient, , has indicated that she wishes to
participate in a research study investigating the relative expression changes of c-nuBNA from a bout of
resistance exercise and a bout of whole-body vibration.in 65-85 years old postmenopansal women. This
study involves 9 testing sessions: (1) consenting, blood pressure, and questionnaires; () four scans for
DXA (total body, lumbar spine, dual femmr and three pQCT scans (lower leg), familiarization of
resistance equipment and whole body vibration, and fonctional performance measures of handgrip
strength and jump power; (3) 1 repetition maximum (1 BM) testing of leg press, shoulder press, lat
pulldown, leg extension, and hip adduction; (4) resistance exercise testing at 70% of 1BEM for three sets of
ten repetitions; (7) whole body vibration testing with 30° bent kmee on an oscillating platform with five 1-
mimite bouts at 20 Hz frequency and 338 mm peak-to-peak displacement and cne minute rest between
bouts. Visits 4 and 7 will be randonuzed and requires blood sampling via venipuncture pre, immediately
post, and one-hour post-exercise; (3, 6, 8, and 9) will consist of overnight fasted blood draws performed
by a nurse or registered phlebomist between 8:00-9:00 am 24 and 48 hours after each exercise visit.
Proper safety precantions will be taken during the entire protocol. Prior to participation, participant is
required to obtain medical clearance from her personal physician(s). Specific inclusion and exclusion
criteria apply to the participants recmited for this study. Below are the exclusion criteria.

Current smokers;

Having diabetes;

Having uncontrolled hypertension;

Recent fractores (during the preceding 12 months);

Having restrictions to perform handgyip strength, gait speed, or jump tests, e.g. myocardial

infarction/congestive heart fathure/strokes within the past 6 months;

# Degenerative newrcmuscuolar conditions, e.g. Parkinson’s disease;

# Taking medications kmown to affect bone mass or muscle mass (except for osteoporosis
treatment), including corticostercids, selective serotonin renptake inhibitors, and hormone
replacement therapy.

+ Joint replacement or metal implants at hip or spine

[l Irecommend that the above-named individual be allowed to participate in the study.
[l Ido not recommend that the above-named individual be allowed to participate in the study.

MEDICATIONS/NOTES:

Physician Name: Contact Number:
{please print)

Physician Signature: Date:

Thus form can be faxed to (405) 323-0594 or emailed to Sammel r buchanan-1{@ou edn. Thank you!
This study has been approved by the University of Oklahoma Instietional Review Board. For questions,
please contact Debra A. Bemben, Ph.D. at (405) 325-2709 or dbemben(giou.edu.
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Appendix F: Assay Kit Instructions

D M ICI'OVUG Bone

TRAPSb EIa
QUIDEL

An immunocapture enzyme assay for the determination of tartrate-
resistant acid phosphatase isoform 5b in human serum or plasma

For In Vitro Diagnostic Use. For export only. Mot for sale or use in the United 5tates or Canada.

SUMMARY

Standards and Controls Preparation
[ Reconstitute Standards with 400 4 of D water,
[Prepare Standards within 2 howrs)
O Recanstitute Controls with 300 pl of D water
[Prepare Contrals within 2 haurs)
O Dilerte 10 Wash Bofer 1:10 with D1 water,
NOTE: Mix Standards gently with pipette; do not vortex

Assay Procedure

Fipette 100 pL of Sample Diluent into assay wells

¥
Pipette 50 pl of reconstituted Standards, Controls, and
Samgples inte agsay wells

\/"'

Imcubate 40 minutes at 18°C to 28C (shaking at 500 rpm to 1000 rpmj

[0 Add contents of one vial of Substrate Reconstitution Buffer to one via
of Substrate. (Prepare within 30 minutes of usa)

Wifashs 3 tirmes woth T Wlash Budler

Pipette 100 pl 5.

(Shake for 30 aece

rate Salution into assey wells
fs at 500 rpem to 1000 rpm)

T

Incubate G0 minutes at 37 C

Pipette 50 pl Stop Solution into assay wella
Ay
Read the Optical Density at 405 nm
Analyze the Results using guadratic cure fit

w= A Be = 0

MicroVue TRAPSb EIA
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@INTEN DED USE

The MicroVue TRAPSh Assay is an immunocapture enzyme assay for determination of tartrate-resistant acid
phosphatase isoform 5b (TRAcP 5b) in human serum or plasma. TRAPSb is secreted in serum by bone resorbing
osteoclasts and is an indicator of osteoclast activity in vivo. Levels of TRAPSD activity may be a useful indicator
of osteoclast activity and hence bone resorption in primary osteoporosis and other diseases.”*

FEATURES

B The total assay time is two hours.

B The kit measures only active TRAPSb enzyme activity.
B Samples do not require pre-dilution.

SUMMARY AND EXPLANATION

TRAPSD (serum band 5 tartrate-resistant acid phosphatase, TRACP 5b; EC 3.1.3.2) is a 35-37 kDa glycoprotein.
TRAPSh is typically expressed in proportion to osteoclast activity and is secreted into the circulation. Research
indicates that serum TRAPSh is a potentially useful serological marker for bone resorption.”

The MicroWue TRAPSb Assay Kit detects the enzyme activity of TRAPSb based on an immuno-captured enzyme
assay system.”

Elevated serum TRAPSb levels are thought to be associated with active bone remodelling. Increased serum
levels are observed during normal bone growth among healthy children. Elevated serum TRAPSh levels have
also been detected in certain disease states and conditions characterized by increased bone resorption.™
Examples are: Paget's disease of bone, hemodialysis, primary hyperparathyroidism, metastatic malignancies
involving bone resorption, multiple myeloma, and bilaterally ovariectomized women. Post-menopausal women
on estrogen replacement therapy typically have lower levels in serum than untreated postmenopausal
women: therefore, specific determination of TRAPSh activity may be a potential means for the measurement
and monitoring of changes in bone metabalism in response to therapy.

PRINCIPLE OF THE PROCEDURE

The MicroVue TRAPSh Assay is a 2-step, direct capture, 96-well EIA. Serum or plasma samples and
reconstituted Standards and Controls are added to coated microwell plate wells along with Sample Diluent.”

Maturally occurring, inactive TRAPSb fragments in the serum may interfere with the detection of TRAPSh in
physiological samples. The MicroVue TRAPSb Assay avoids the influence of the inactive fragments by using two
different monoclonal antibodies. The assay employs two unique monoclonal antibodies, Trk49 and Trke2,
generated with immunization of purified TRAPSb from human bone cells. The first antibody, Trk49, is highly
specific to inactive TRAPSb fragments: the second antibody, Trk62, is highly specific for intact, active TRAPSh.
Trk49 binds inactive TRAPSb fragments, thereby making Trk62 more available to bind active TRAPSh in the
microwell. The resulting TRAPSb assay is one that is specific and has good precision and wide range of linearity.

After the immunoreaction incubation, the plate is washed to remove unbound material, and a prepared
substrate, 2 chloro-4-nitrophenyl phosphate (CNPP, pH 6.4), is added to the wells. Since the TRAPSb analyte is
itself an enzyme, a labeled secondary antibody-enzyme conjugate is not required. At the end of this
incubation, the reaction is stopped with the addition of a 0.2ZN NaOH solution and read via microplate reader
at 405 nm. The TRAPSb activity is then calculated off a quadratic curve. The amount of color developed is
proportional to the concentration of TRAPSh in the samples.
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REAGENTS AND MATERIALS PROVIDED
40 Assays for TRAPSh conducted in duplicate {96 wells)

MicroVue TRAPSh Assay kit contains the following:

A TRAPSh Standards: Parts 0711631-71 0.4 mlL, 2 each
| {lyophilized) recombinant protein composed of Human TRAPSE. The exact concentration is stated on
E each vial

L Low/High Controls Parts 0711681-91 0.4 mL, 2 each
(hyophilized) recombinant protein composed of Human TRAPSE. The concentration range is stated on the
kit Certificate of Analysis (C of A)

o Microwell Plate Part 0711611 12 each
12 x 8 wells coated with murine monoclonal anti-TRAPSE antibodies

@ stop Solution Part 07116C1 12 mL
0.2N sodium hydroxide (NaCH)

9 10% Wash Buffer Part 0711601 100 miL
TBS/Tween. Contains 0.5% Tween® 20 and 0.02% ProClin® 300

O sample Diluent Part 0711621 20 mL
Tris buffer. Contains 0.02% ProClin 300

® substrate Reconstitution Buffer Part 0711681 12 mL, 2 each
MES buffer. Contains 0.02% ProClin 300

@ substrate Part 0711641 12 ml, 2 each
Substrate dissolving solution, 2-chloro-4-nitrophenyl-phosphate powder (CNPP)
Plate Tape Cover Part 0047 3 each

Twesen® 20 is 2 registered trademark of IC] Americas Inc
Prollin® is & registered trademark of Rohm and Haas Company.

MATERIALS RECQUIRED BUT NOT PROVIDED

Adjustable micropipettes for dispensing 50, 100, 300 uL, both single and multi-channel
Microplate shaker capable of constant shaking at S00-1000 rpm for 60 minutes
Incubator at 37°C

Labware suitable for liquid measurement of 10-300 mL

Dreionized or distilled water

Microplate reader capable of reading at 405 nm

Computer

Software package facilitating data generation, quadratic curve fit, and data analysis
Suitable device for washing the microplate

Graduated pipette or equivalent for dispensing 12 mL

Absorbent material for blotting the in-process microplate after washing

WARNINGS AND PRECAUTION

B Forin vitro diagnostic use

B Treat specimen samples as potentially biohazardous material. Follow Universal Precautions when handling
contents of this kit and any patient samples.
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B Use the supplied reagents as an integral unit prior to the expiration date indicated on the package label.

B Store assay reagents as indicated.

B Do not use Coated Strips if pouch is punctured.

B Test each sample in duplicate.

B Wear gloves and eye protection when handling contents of this kit. Use good laboratory practices to
reduce exposure.

B 02N NaOH acts as an irritant and can cause irritation to exposed areas. Do not ingest. Avoid contact with
skin, eyes or clothing. If contact is made, wash with water. If ingested, call a physician.

B Avoid contact with the irritant Substrate Solution, which contains CNPP. In case of accidental contact,
immediately wash skin thoroughly with soap and water.

B ProClin 300 is used as a preservative. Incidental contact with or ingestion of buffers or reagents containing
ProClin can cause irritation to the skin, eyes or mouth. Seek medical attention if symptoms are
experienced.

B Use of multichannel pipettes or repeat pipettors is recommended to ensure the timely delivery of
reagents.

B For accurate measurement of samples, add samples and standards precisely. Pipet carefully using only
calibrated equipment.

B Perform this assay with any validated washing method. Do not wash wells with a multi-channel pipette

B Generate a standard curve with sach assay.

B Standard concentrations are assigned for each lot. Read label on each Standard vial or Certificate of
Analysis carefully for specific concentrations.

B Testing should be performed in an area with adequate ventilation.

B Dispose of containers and unused contents in accordance with Federal, State and Local regulatory
requirements.

B ‘Wear suitable protective clothing, gloves, and eyefface protection when handling the contents of this kit.

B ‘Wash hands thoroughly after handling.

B For additional information on hazard symbols, safety, handling and disposal of the components within this
kit, please refer to the Safety Data Sheet (SD5) located at quidel.com.

STORAGE

Store the kit at 2°C to 8°C. Store unused reagents at 2°C to 8°C. Under these conditions, assay components are
stable until the expiry date printed on the kit label.

SPECIMEN COLLECTIOMN AND PREPARATION

Serum or plasma (Heparin) can be used as samples in the MicroVue TRAPSh Assay. Collect serum using
standard venipuncture technique, avoiding hemolysis. Allow the blood to clot, and separate the serum by
centrifugation.

Samples can be stored up to 8 hours at room temperature, up to 2 days at 2°C to 8°C, one month at —20°C, and
at —80°C for long-term storage. Do not subject samples to more than 3 freezefthaw cycles.

REAGENT PREPARATION
All reagents should be equilibrated to 18°C to 28°C prior to use.
Prepare assay reagents as follows:

Sample Diluent
Sample Diluent is provided ready to use.
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Standards

Add 400 pL of deionized (distilled) water to the vial containing lyophilized Standard and dissolve for at least 5
minutes. Mix thoroughly. The reconstituted Standards should be used within 2 hours if stored at 18°C to 28°C
or within 24 hours if stored at 4°C.

Controls

Add 400 pL of deionized (distilled) water to the vials containing lyophilized Controls, and dissolve for at least
5 minutes. Mix thoroughly. The reconstituted Controls should be used within 2 hours if stored at 18°C to 28°C
or within 24 hours if stored at 4°C.

10X Wash Buffer
Dilute 100 mL of 10% Wash Buffer with 200 mL deionized (distilled) water. The working Wash Buffer is stable
for 1 month at 18°C to 28°C.

Substrate Solution
Prepare Working Substrate Solution by adding the contents of one vial of Substrate Reconstitution Buffer to
the contents of 1 vial of Substrate. Prepare within 30 minutes of use.

Stop Solution
Stop Solution is provided ready to use.

ASSAY PROCEDURE

Read entire product insert hefore beginning the assay.
See WARNINGS AND PRECAUTIONS and REAGENT PREPARATION.

Determine amount of each reagent required for the number of strips to be used.

# of Strips a 6 g 12
# of Samples (tested in duplicate) 8 16 24 40
Substrate (vial) 1 1 1 1
1X Wash Buffer (mL) 100 150 200 300

Sample/Enzyme Incubation

1. Allow pouch of Coated 5trips to equilibrate to 18°C to 28°C before opening. Remove Stripwell Frame and
the required number of Coated Strips from the pouch. Ensure that the pouch containing any unused strips
iz completely resealed and contains desiccant.

2. Pipette 100 puL of Sample Diluent into microplate wells.

Pipette 50 pL of each reconstituted Standard, Control and sample into appropriate microplate wells.

4. Seal the microwell plate with supplied plate tape cover and incubate for 60 minutes at 18°Cto 28°Con a
microplate shaker set at 500 rpm to 1000 rpm.

5. After incubation, wash the microplate wells three times with a minimum of 300 pL of Wash Buffer per
well. After washing, tap the wells gently on a paper towel to expel any remaining liquid.

fu

Substrate Incubation

6. Pipette 100 pL of Working Substrate Solution into sach well.

7. Seal the microplate and mix on a microplate shaker for 30 seconds at S00—1000 rpm. After shaking,m
incubate for 60 minutes in a 37°C incubator.
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Stop/Read

8. Pipette 50 yL of Stop Solution into each well to stop the reaction.

9. Read and record the absorbance of each well at 405 nm.

10. Use a quadratic curve fit for the standard curve. Calculate the values of Controls and specimens from the
standard curve.

QUALITY CONTROL

The Certificate of Analysis included in this kit is lot specific and is to be used to verify that the results abtained
by your laboratory are similar to those obtained at Quidel Corporation.

Cuality control ranges are provided. The control values are intended to verify the validity of the curve and
sample results. Each laboratory should establish its own parameters for acceptable assay limits. If the control
valuss are NOT within vour laboratory's acceptance limits, the assay results should be considered
guestionable, and the samples should be tested again.

INTERPRETATION OF RESULTS
Representative Standard Curve
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TRAPSE (U/L)
OBSERVED VALUES

Observed serum values for TRAPSh activity in healthy men and women are reported as follows:

Gender Age n Mean
(years) {usL)
Men =20 91 40+14
Women (Premenopausal ) 30to4a 31 2914
Women (Postmenopausal) 250 36 43+15

Observed TRAPSE values (UfL) in 64 healthy adults (see gender and age information below) using both serum
and plasma (Heparin) collection methods. Plasma samples were run for comparison to serum results.
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B 28 Men, ages 25 to 54 (mean: 35.4)
B 36 Women, ages 21 to 52 (mean: 41.9)

Mean Correlation
Sample Type Min Max

{u/L} (r}
Serum 35+14 1.2 6.7 -
Heparin Plasma 3614 12 73 0.929

PERFORMANCE OF THE TEST

Typical analytical data of MicroVue TRAPSh Assay are presented in this section. For kit lot-specific standard
curve and controls values see the Certificate of Analysis.

Sensitivity
The minimum detection limit of the MicroVue TRAPSb assay is 0.2 U/L, determined by the upper 3 50 limit in a
zero standard precision study.

Precision
B Intra assay (Within Run) {n = 16)

Standard
Mean -
Sample w/u Deviation % C\V
(u/L)
1 3.4 0.07 22
2 7.4 0.14 19
B [nter assay (Run to Run) (n=8)
Mean Standard
Sample 4 hy Deviation Uy Y
1 3.8 011 3.0
2 7.4 0.15 20

Spike Recovery
Spike recovery of 92% to 103% was determined by adding a known quantity of purified TRAPSh to serum
samples with different levels of endogenous TRAPSE.

Linearity
Linearity was performed by serially diluting serums with sample diluent and comparing observed values with
expected values.
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Dilution Obsernved  Ewpected  Recovery

Sample

Factor (L) {u/L) (%)
1 neat 3.7 - -
1:2 18 18 9549
14 0.9 09 951
18 05 05 101.2
2 neat 7.7 - -
1:2 3.8 3.8 99.8
14 19 19 975
15 0.9 1.0 974
3 neat 120 - -
1:2 5.5 6.0 95.2
14 3.0 3.0 100.8
1:8 14 15 9549

Interfering Substances
The following substances were tested at the specified concentrations and were found not to interfere with the

assay:

ASSISTANCE

Substance Concentration
Hemaoglobin 500 mgfdL
Bilirubin F 20 mg/dL
Bilirubin C 20 mg/dL
Lipids (Intralipid®) 2500 Turbidity
RF (Rheumatoid Factor) 500 UfmL

Intralipid® is a registered trademark of Fresenius Kabi AB.

To place an order or for technical support, please contact a Quidel Representative at 800.874.1517 (in the US.)
or 858.552.1100 (outside the U.5.), Monday through Friday, from £2:00 a.m. to 5:00 p.m., Eastern Time. Orders
may also be placed by fax at (740) 592-9820. For e-mail support contact customersendice@quidel .com or
technicalsupporti@gquidel.com.

For services outside the U.5.A., please contact your local distributor. Additional information about Quidel, our
products, and our distributors can be found on our website quidel.com.
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GLOSSARY

Catalogue number

C€

CE mark of conformity

EC |REP,

Authorized Representative

in the European Community

-

Use by

Temperature limitation

i%a

Consult e-labeling
instructions for use

IVD

For In Vitro diagnostic use

CONT

Contents/Contains

LOT

Batch code

wl

Manufacturer

Intended use

&

Biological risks

2

Contains sufficient for 94 determinations

CONTROL

Control
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