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Abstract

Background: Thereis strong evidence suggesting that prebiotics and probiotics regulate gut microbiota, reducing inflammation
and thereby potentially improving bone health status. Similarly, mechanistic evidence suggeststhat either low-impact or high-impact
weight-bearing exercisesimprove body composition and consequently increase bone mineral density inindividualswith osteoporosis
and osteoarthritis.

Objective: Thisstudy aimsto investigate the effects of a synbiotic (probi oti c+prebiotic) supplementation, an exerciseintervention,
or acombination of both on gut microbiota, inflammation, and bone biomarkers in postmenopausal women.

Methods. A total of 160 postmenopausal women from New Zealand will be recruited and randomized to one of four interventions
or treatmentsfor 12 weeks: control, synbiotic supplementation, exercise intervention, or synbiotic supplementation and exercise.
The primary outcome measure is the bone and joint biomarkers at baseline and week 12, whereas the gut microbiota profile and
inflammatory cytokine measurements will serve as the secondary outcome measures at baseline and week 12. Baseline data and
exercise history will be used to assess, allocate, and stratify participants into treatment measures.

Results: Recruitment of participants will begin in September 2021, and the anticipated completion date is June 2022.
Conclusions: To the best of our knowledge, this will be the first randomized controlled trial to analyze the effects of both a
synbiotic supplement and an exercise intervention in postmenopausal women. On the basis of the results obtained, acombination
of synbiotic supplements and exercise might serve as a noninvasive approach to manage and/or improve body composition and
bone health in postmenopausal women.

Trial  Registration: Australian New  Zedland Clinica Trials Registry = ACTRN12620000998943p;
https://www.anzctr.org.au/Trial/Registration/Trial Review.aspx 71 d=380336&isClinical Trial =Fal se

(JMIR Res Protoc 2021;10(10):e30131) doi: 10.2196/30131
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Introduction

Background

The global population is aging. The globa incidence of
postmenopausal  osteoporosis is aso increasing [1,2].
Postmenopausal osteoporosis is characterized by increased
low-grade inflammation that contributes to low bone mass and
degradation of bone mineral content, resulting in
postmenopausal bone loss [3-5]. Elevated levels of
proinflammatory cytokines (eg, interleukin [IL]-6, tumor
necrosisfactor [TNF]-a, IL-1, and receptor activator of nuclear
factor kappa-B ligand produced by activated T cells) induce
osteoclast formation and activity during senescence [2,6].
Meanwhile, it is well recognized that conventional estrogen
therapy in the form of hormone replacement therapy (HRT),
such asestradiol implants, increases bone density by increasing
the activity of osteoblasts, reducing bone resorption, and
reducing inflammation [7-9]. However, the long-term use of
HRT as an anabolic treatment and high doses of estrogen may
not reduce theincidence of bone fracture [ 7] and are associated
with long-term side effects. Therefore, nutritional interventions
are safe and reliable for improving bone health status.

Studies have reported that changes in the gut microbiome can
affect distant organs, including the bone and subsequently the
development of osteoporosis [10]. Recent studies in rats and
mice have suggested that the gut microbiome modul atesimmune
status[11] aswell as calcium absorption and molecular control
of bone resorption [12-14]. Although studies have been
conducted in animals, there are few studiesin humansthat have
investigated the effects of pre- and probiotics on the gut
microbiome and postmenopausal osteoporosis. Moreover, human
gut microbiota is different from that of rodents, which is why
many studies have faced limited success in their attempt to
humanize the murine microbiota[15].

Defining Osteoporosis and Its Significance

Osteoporosis is “characterized by low bone mass and
microarchitectural deterioration of bone tissues, consequently
increasing bone fragility and breakage” [16]. The term
osteoporosis (osteoun) refers to bone and por (os) to
passagetosis [17]. The widely accepted clinical diagnostic
criteria and intervention threshold are defined as bone mineral
density (BMD) =2.5 SDs(T score<-2.5) below the mean value
of ayoung reference at the lumbar spine, femur neck, or total
hip bone in older men and postmenopausal women [18].

The vast burden of osteoporosis congtitutes an increase in
morbidity and mortality [19], loss of quality-adjusted life-years
(QALYs) [20], and a continuous rise in the cost of health care
services, such as clinics, nursing homes, and hospitals[21,22].
It isagrowing global health concern, with the lifetime risk of
sustaining any fracture at approximately 50% for women and
20% for men in individuals aged >50 years living in Western
countries [23]. It has also been predicted to become an issuein
developing countries as the aging population rises. The risk of
fracture becomes higher as people age, especialy in
postmenopausal women [24].

https://www.researchprotocols.org/2021/10/€30131

Ilesanmi-Oyelere et al

In 2011, osteoporosis-related QALY swere found to be 11,249,
with a projection of 13,205 and 15,176 for 2013 and 2020,
respectively, because of fractures. The results also suggest that
thereare more QALY sfor women (6028) than men (5221) [22].

As aglobal epidemic situation, the International Osteoporosis
Foundation suggests that 33% of middle-aged women and 20%
of men (aged >50 years) will have an osteoporotic fracture[25].
The disease constitutes an economic burden, particularly because
of the high cost of treatment. Over US $300 million per annum
is estimated to be spent on treating fractures, whereas the total
cost isestimated at US $1.15 billion per annum in health costs,
posing a heavy burden on health care service providersin New
Zealand [20].

Physical Activity

Physical activity is defined by the World Health Organization
asany “bodily movement of the skeletal muscle, which requires
energy expenditure” [26]. Physical activity enhances the
composition and function of the human skeletal system.
However, skeletal muscle performance also deteriorates with
age [27], and alack of exercise and physical activity has been
linked to bone loss and ultimately osteoporosis [28].
Osteoporosis may causefallsthat result in osteoporotic fractures
in older women.

Previous studies, including Cochrane reviews, have reported
the effects of physical activity on bone strength across the life
spans [29] of children and adolescents [30] as well as women,
especialy postmenopausal women [31-33]. A study from Italy
reported progressive resistance strength training of the lower
limbs to be most effective for the neck of the femur BMD in
patients with osteoporosis. In contrast, a multicomponent
training program was suggested for a spine BMD intervention
[34].

Neilson et a [35] have defined activity energy expenditure
(AEE) as“amaodifiable component of total energy expenditure
(TEE) derived from both volitiona and non-valitional
activities* Total energy expenditure comprises multiple
components, including physical activity energy expenditure,
resting energy expenditure, and the thermic effect of food [36].
Theimpact of physical activity hasbeen used to alleviate several
obesity-related diseases and the overall burden of diseasesin
men and women alike [37].

The Research

Overview

The gut microbiome could be a plausible target for the
modulation of bone disorders in the aged, as it has been
associated with the innate and adaptive immune system. Our
previous study inquired into the association between the gut
microbiome and bone health status based on the World Health
Organization classification of  osteoporosis among
postmenopausal women [38]. The relationship between the
composition and predi ctive function of gut microbiotain women
and their bone density, classified into healthy and osteopenic
or osteoporotic groups, was investigated. The findings of this
recent study showed that o diversity of the microbia profiles
differed based on the hip and femoral neck osteoporosis
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classifications. Meanwhile, 3 diversity principal component
analysis by using the Bray-Curtis index showed differences
based on femoral neck classifications. Positive correlationswere
observed between Lactobacillus, Bacillus, Paenibacillus, and
Geobacillus (all from the phylum Firmicutes) and BMD at all
sites. However, negative correlations were reported for
Bacteroides and Parabacteroides and al BMD sites [39,40].
This finding agrees with previous reports that showed the
importance of the Lactobacillus species in bone maintenance
[14,41]. This result was similar to that of Li et a [42], who
showed a hegative correl ation between Bacteroides and BMD.

In addition, astudy conducted with ovariectomized rats showed
the effects of probiotics, prebiotics, and synbiotics on minera
(calcium and phosphorus) metabolism and absorption. The
effectswere a so observed in the form of higher Bifidobacteria
and Bacteroides counts, lower pH, and reduced bone turnover.
Theintervention also resulted in atendency toward lower bone
alkaline phosphatase [43].

Therefore, modulation with a synbiotic food supplement and
weight-bearing low-impact exercise (interventions) can be used
to provide data that may contribute to improvements in

Ilesanmi-Oyelere et al

osteoporotic patient care. This study will use a prospective
stratified (by exercise history), randomized, 4-group
experimental design with 2 major data collection points (baseline
and week 12). Before randomization, participants will be
dtratified by exercise history (=2 high-intensity exercise sessions
per week and <2 sessions per week) using the International
Physical Activity Questionnaire to ensure equal distribution
among the 4 groups. However, all participants would be
permitted to continue their usual physical activity regime.

Research Questions

What are the effects of dietary interventionswith synbiotic food
supplements and wei ght-bearing exercises on bone metabolism,
gut microbiota, and micronutrient or inflammation status in
postmenopausa women? Do specific gut microbiotaalterations
moderate bone metabolism? How do individua differencesin
nutritional interventions affect gut microbiotaand, subsequently,
bone metabolism? Ultimately, can they be used as a treatment
for postmenopausal osteoporosis? Our principal hypothesisis
that improvement in bone heath, gut microbiota, and
inflammation status will be greater in participants randomized
to the synbiotic+exercise group compared with participantsin
the control, synbiotic, or the exercise groups (Figure 1).

Figure 1. Cartilage oligomeric matrix protein 4 Bones clinical study flowchart. BMD: bone mineral density; DXA: dual-energy x-ray absorptiometry;

IPAQ: International Physical Activity Questionnaire.
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Specific Aim

This study aims to examine whether supplementation of
fermented milk or dairy (yogurt) with a synbiotic
(probictic+prebiotic) and weight-bearing low-impact exercise
could be effective in achieving favorable changes in gut
microbiota, inflammation status, and biochemical indexes of
bone and joint metabolism.

Aim 1. to compare control, synbiotic, exercise, and
synbiotic+exercise groups based on changes in the gut
microbiota using 16S rDNA sequencing at baseline and week
12.

Aim 2. to compare control, synbiotic, exercise, and
synbiotic+exercise groups based on changes in inflammation
status (inflammatory cytokines) at baseline and week 12.

Aim 3. to compare control, synbiotic, exercise, and
synbiotic+exercise groups based on changesin bone formation
(procollagen type 1 N-terminal propeptide [PLNP]), resorption
(cross-linked C-telopeptide of type 1 collagen [CTx-I]), and
joint degradation (CTx-I1/COMP [cartilage oligomeric matrix
protein]) at baseline and week 12.

Aim 4. to compare control, synbiotic, exercise, and
synbiotic+texercise groups based on changes in body
composition (lean body mass and fat mass), total hip, femoral
neck, and spine BMD (DXA [duad-energy x-ray
absorptiometry]) at baseline and week 12.

Methods

Participants

The G*Power statistical software, version 3.1.9.7, developed
in Heinrich Heine University Diisseldorf, was used to calcul ate
the sample size using the bone biomarker CTx-I; arecommended
number of 36 women would be required for the study. However,
40 women aged >60 years will be recruited for each of the 4
groups to allow for a possible dropout rate of 10%. The test
groups will receive the synbiotic food supplementation and
exercise program (10,000 steps brisk walking per day required),
whereas the control group will receive a placebo and no
exercise; however, dietary intake and exercise will be monitored
by a 3-day diet diary and the International Physical Activity
Questionnaire. All study participants will read the information
sheet, and signed and written consent forms will be obtained
from them.

Inclusion Criteria

Theinclusion criteriainclude aconfirmed menopause diagnosis
(by an initial blood test—baseline screening—that includes
checking the levels of follicle-stimulating hormone [>30
miU/mL] and estrogen) of at least five years based on no
menstruation and the BMI of al participants will be between
17 and 35 kg/mz2.

Exclusion Criteria

The following criteria are to be confirmed by medical history
or measurements:

1. Useof HRT

https://www.researchprotocols.org/2021/10/€30131
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2. Biphosphonates in the past 6 months

3. Currently on estrogen, tamoxifen, aromatase inhibitors, or
other antiresorptive or anabolic treatments of osteoporosis

4. A liver function test or creatinine level above the normal
range, or any other history suggesting liver or kidney
disease to be confirmed by baseline screening

5. Incidence of diabetes mellitus by using the questionnaire
and baseline screening

6. Participants with an estimated BMD T score <-2.5 or
fragility fracture in the previous 6 months

7. Antibiotic intake in the previous 6 months

8. Smoking and intake of alcohol >2 units per day

The following criteria are to be confirmed by the baseline
guestionnaire:

1. Participants intake ability and allergic reactionsto probiotic
and prebiotic supplements

2. Intake of multivitamins and mineral supplements
(prescribed or over the counter), antibiotics, or use of any
other medication known to affect bone metabolism and/or
gut microbiota

3. Presence of any systemic disease

4. Use of any medications such as HRT, glucocorticoids,
estrogen, systemic cortisone, bisphosphonates, diuretics,
antibiotics (for the gut microbiota), or other steroid
hormones

5. Active physical activity, that is, =60 minutes of vigorous
or moderate activity for >3 days.

The Intervention: COPES-4-Bones Clinical Study

The study design is a randomized controlled trial (RCT). All
the volunteer participantsin thetria will undergo thefollowing.

Health Questionnaire and Health Screening

Blood Test for the Initial Baseline Screening

Fasting blood samples will be collected at baseline for (bone
biomarkers and inflammatory cytokines) routine laboratory tests
aswell as medical examinationsto ensure that the participants
are in good health. Abnormal results from this trial will be
recommended for discussion with their doctors.

Initial Anthropometry at Baseline

The body weight of participantswill be measured using aweight
scaleto the nearest 0.1 kg, and standing height will be measured
using a stadiometer to the nearest 0.1 cm wearing light clothes
and no shoes. BMI will be calculated as weight divided by
height squared (kg/m?). Waist to hip ratio will be determined
by measuring the waist and hip circumferenceto thenearest 0.1
cm using a nonstretchable tape. Other body composition
measurements will be analyzed with DXA.

Baseline Questionnaire

The baseline questionnaire will include the following:
sociodemographic, activity index and level, medications taken
in the last 6 months, smoking status, and alcohol intake.
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For Inclusion

Diet or Food Records

The dietary assessment of the intake of fermented milk and
dairy products, including total energy, protein, minerals, and
vitamin D, will be based on a 3-day diet diary. Face-to-face
interviews by the principal investigator will ascertain the food
record.

Venous Fasting

Blood, fecal, and urine samples will be collected at baseline
and week 12. Blood will be collected by aphlebotomist between
8 and 10 AM after 12 hours of fasting (overnight). Table 1
shows all the variablesthat will be measured, rationale, and the
methods to be used.

1. Fasting blood samples: blood samples will be collected at
baseline and week 12, the end of the study, for the
following:

»  Bonemetabolism markers: concentrations of serum or
plasma total osteocalcin, CTx-I, total PINP and
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25-hydroxyvitamin D will be measured using
immunoassay kits and Roche Elecsys.

»  Cartilage degradation markers: COMP precursor and
CTx-1I from serum will be measured.

» Parathyroid hormone and lipid profile tests will be
measured using immunoassay kits.

- Inflammation markers: concentrations of inflammatory
cytokines by BioL egend LEGENDplex Multi-Analyte
and hs-CRP (high-sensitivity C-reactive protein) will
be measured.

Spot urine samples: samples of amidstream urine specimen
voided spontaneously by the participants will be collected
at baseline and at the end of the study and tested for protein,
creatinine, and electrolyte content as well as CTx-1l by
ELISA (enzyme-linked immunosorbent assay).

Fecal samples: sampleswill be collected at baseline and at
the end of the study (week 12). The total genomic DNA
will beextracted, and 16sribosomal DNA will beamplified,
prepped, and sequenced.
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Table 1. Study outcome measures and rationale for use.
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Variables Rationale Methods Baseline  Week 12
Blood analyses
oc? Bone formation markers Electrochemiluminescenceimmunoassay using b o
the Roche COBA S e411 system (Roche Diagnos-
tics)
P1INP® Bone formation markers Electrochemiluminescence immunoassay using [ g
the Roche COBA S e411 system (Roche Diagnos-
tics)
cTx9- Bone resorption marker ELISA® O O
25(OH)Df Serum Vit D to determine the | sotope-dilution liquid chromatography-tandem [ g
amount of circulating vitamin mass spectrometry
COMP? Cartilage degradation markers ELISA g a
CTx-Il Cartilage degradation markers ELISA O
PTH" To assess the regulation of serum  Electrochemiluminescenceimmunoassay using [
calcium concentration the Roche COBA S e411 system (Roche Diagnos-
tics)
Lipid profile To assess the lipid profile Electrochemiluminescence immunoassay using [ g
the Roche COBA Se411 system (Roche Diagnos-
tics)
Inflammatory cytokines To assessthe inflammatory status ~ BioLegend LEGENDplex Multi-Analyte d
hs-CRP To assess the inflammatory status  Electrochemiluminescence immunoassay 0
Gut microbiota data To determine changesin thebacteri-  16s ribosomal DNA ad g
a community
Diet diary To obtain dietary intake data 3-day diet diary ad
Exercise history record (I PAQj) For initial randomization IPAQ
Baseline questionnaire (sociodemo-  To obtain sociodemographic status  Questionnaires O g
graphic and medication history and history
record)
Wearable fitness tracker record To obtain exercise regime data Wearable fitness tracker
Adherence to synbiotic supplement Documentation of unused supple-  Record keeping O
and exercise ments or prescribed exercise session
attendance
Anthropometry Weight, height, and waist circumfer-  Tanita electronic scale and stadiometer O O
ence measured by aresearcher at
Massey University
DXAK BMD at thetotal hip, femoral, neck DXA using Hologic QDR series Discovery A, [ g
and spine (L 1-L4) and body compo- Bone densitometer, and Apex system software
sition version 4.5.3
30C: osteocalcin.
B\/ariable accessed.

CPINP; procollagen type 1 N-terminal propeptide.

dCTx: cross-linked C-telopeptide.

CELISA: enzyme-linked immunosorbent assay.

f25(OH)D: 25-hydroxyvitamin D.

9COMP: cartilage oligomeric matrix protein.

PpTH: parathyroid hormone.

ihs-CRP: high-sensitivity C-reactive protein.
JIPAQ: International Physical Activity Questionnaire.
KDXA: dual-energy x-ray absorptiometry.
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DXA M easurements

Body composition, bone mineral content, BMD, and T scores
of the femoral neck, lumbar spine, and hip will be measured in
participants at baseline screening.

Table 2. Intervention and dose administered to participantsin each group.

Ilesanmi-Oyelere et al

All exercise intervention and synbiotic+exercise groups or
participants will be given a wearable fitness tracker to wear
during the exercise (brisk walking) of 10,000 steps. The Borg
Rating of Perceived Exertion will be used to calculate intensity.
Table 2 shows the interventions and dosage per participant.

Intervention and treatment groups Description Daily intake per day

Synbiotic «  Probiotic supplement « 10 hillion colony forming units of Lactobacillus sp.
«  Prebiotic supplement « 8gramsof prebiotic fiber (inulin)

Exercise «  Weight-bearing exercise « 10,000 steps

Placebo « Placebo «  Placebo with maltodextrin

Statistical Analyses

G*Power statistical software version 3.1.9.7 developed in
Heinrich Heine University Diisseldorf was used to calcul ate the
sample sizeto ensure 95% Cl with an o value of .05. Werequire
36 participants for each group. The within-subject SD for the
primary outcome variables CTx-I and PANP with a correlation
of 0.5 was used. The number of volunteers was increased to 40
to allow for adropout rate of 10%.

The results will be presented as either percentages or mean
differences. Normality tests will be assessed through
Shapiro-Wilk tests carried out on each parameter before analysis.
The conventional analysis of variance (ANOVA) for RCT
analysis will be used, and ANOVA for repeated measures will
be applied to study treatment differences, period effect, and the
interaction between treatment and period (carryover effect).
IBM SPSS version 25 and Minitab statistical software version
19 (Minitab LLC) will be used for datistical anayses.
Comparing groups pretest with Mann—Whitney U test and then
comparing pre- and postintervention results with Wilcoxon is
one option and transforming datainto ranks and performing an
analysis of covariance (or ANOVA) is another option. All
analyses will be considered statistically significant at P<.05.

Results

Ethics and Collection of Data

Ethical approval for this study hasbeen received from the Health
and Disability Ethics Committee of New Zealand. The
recruitment and collection of datawill beginin September 2021.
We aim to complete data collection by June 2022. Statistical
analyses, report writing, and dissemination of results are
expected to be completed by February 2023. Funding is being
sought for the study.

Expected Benefits or Outcomes

The anticipated outcomes of this study are areduction in bone
turnover as measured using CTx-l as a marker, as well as a
reduction ininflammation (reduced or changed level s of specific
cytokines such as hs-CRP, IL-6, and TNF-a).

With menopause and the loss of estrogen, bone turnover
(formation and resorption) increases significantly. Over time,
because of increased levels of IL-6 and inflammation, bone

https://www.researchprotocols.org/2021/10/€30131

resorption (breakdown) overtakes bone formation, and this
increase in bone resorption can be measured using the marker
CTx-l. Severa studies over the past 20 years have shown that
areduction in CTx-l is associated with long-term changes in
bone density and areductionin fractures. CTx-1 most sensitively
reflects the change in bone resorption after mineral
supplementation or increased absorption of calcium and can
predict therate of boneloss and fracturerisk in postmenopausal
women. CTx-1 may reflect parameters of bone strength unrel ated
to BMD, such asmicroarchitectural deterioration of bonetissue
resulting in microcracks that act as stress risers or trabecular
perforation.

Supplementation with asynbiotic will modify the gut microbiota
and improve calcium and magnesium absorption. Prebiotic
supplementation promotes bacterial growth that induces
nondigestible carbohydrate fermentation, increases short-chain
fatty acids (SCFAS), and reduces the pH of the gut, thereby
increasing calcium absorption. The reduction in pH promotes
the growth of bacteriathat arelesslikely to causeinflammation,
and SCFA s stimulate the effects of anti-inflammatory cytokines.
Prabiotic supplementation by Lactobacillus and Bacillus species
may promote an immunoprotective response in the gut mucosa
by reducing the levels of systemic inflammatory cytokines and
preventing the reduction in bone density.

Discussion

Principal Findings

Degeneration of bone health in the form of osteoporosis,
osteoporaotic fractures, and osteoarthritis are major health care
issues|eading to asignificant increasein morbidity and mortality
in New Zealand and all over the world. Similarly, the growing
number of patientswith osteoporosis or osteoarthritisresultsin
huge health care costs. The aim is to measure the effect of
synbiotics, wel ght-bearing exercises (10,000 brisk walking steps
per day), or a combination of both on gut microbiota,
inflammation status, and bone health. This study is important
for severa reasons. This study is directed toward
postmenopausal women who have experienced a rapid phase
of bone loss 5 years postmenopause. The use of a synbictic (a
combination of probiotic and prebiotic) supplement is
particularly novel in the modulation of the immune system, gut
microbiota, and anti-inflammatory response. Studies are needed
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to measure the effects of synbiotic supplementation and
weight-bearing exercise on gut microbiota, inflammatory status,
and bone health. Randomization by exercise history will help
eliminate the effects of the previous exercise regime for the
study. There is a critical need for measures of bone turnover
and not BMD only as a primary outcome.

Theeffectsof probiotic or synbiotic supplementation on markers
of inflammation have also been reported. A reduction in
proinflammatory cytokines (eg, IL-13, TNF-a, IL-6, and IL-8)
and an increasein anti-inflammatory cytokines (I1L-10 and IL-4)
[44] were observed in responseto theseinterventions. Similarly,
studies have indicated the protective factors of probiotic
supplementation [45] and exercise in bone metabolism and
health [34]. Long-term participation in arelevant and targeted
exerciseregimeisknown toimprove bone mechanical properties
over time [46].

Synbiotics: Mechanism of Action

Prebiotic supplementation promotes bacterial growth that
induces nondigestible carbohydrate fermentation, increases
SCFAs, and reduces the pH of the gut contents, thereby
increasing calcium absorption. The reduction in pH promotes
the growth of bacteriathat arelesslikely to causeinflammation,
and SCFA s stimulate the effects of anti-inflammatory cytokines.
In addition, probiotic supplementation with Lactobacillus and
Bacillus speci es promotesimmunoprotective response or effects
in the gut, reducing inflammatory cytokines and preventing the
reduction in bone density [47].

Mar kers of Bone Turnover

Prediction of bone loss and risk of fracturesis conducted using
biomarkers of bone turnover independent of bone density in
women. The occurrence of menopause results in a period of
bone loss, where the rate of bone resorption exceeds that of
formation (approximately 5 years). A bone remodeling cycle
of formation and resorption takes place between 4 and 6 months,
replenishing approximately 5%-15% of the total bone massin
ayear [46]. These data provide the rationale for the length of
time and a comprehensive investigation of body composition
and bone turnover status in the study described here.

The strength of the RCT will account for exercise history and
the sample size and duration to ensure an adequately powered
sample needed to detect clinically and statistically significant
results.

Ethics and Dissemination

Ethics

The study received ethical approval from the Health and
Disahility Ethics Committee of New Zealand.

Ilesanmi-Oyelere et al

Safety and Data Monitoring

The principal investigator and team will monitor the conduct,
safety, and scientific integrity of the proposed clinical trial.
Routine laboratory measurements, including liver and kidney
function tests, blood glucose (nonfasting), and lipid profile
(triglyceride, total cholesterol, high-density lipoprotein
cholesterol, and low-density lipoprotein cholesterol) tests, will
be performed at baseline and 12 weeks. Individual swith results
that are outside the clinical rangewill be contacted and referred
to their general practitioner. The safety precaution will be to
inform all participantsto report any effects of treatment, and in
the unlikely event that 20% of the participants report severe
diarrhea, a discontinuation of the study will be triggered. Each
report will include the monitoring of compliancewith informed
consent and dligibility requirements, compliance with the
recruitment plan according to protocol, follow-up datacollection
according to the protocol, expected and actual accrual, protocol
violations, and patient withdrawals from the study.

Dissemination

A lay summary of the report will be communicated to all study
participants. The results of the study will also be disseminated
at various seminar presentations and feedback sessions at the
College of Health, School of Health Sciences, Massey

University, Palmerston North, New Zealand, and in manuscripts
that will be submitted to a peer-reviewed journal.

Strengthsand Limitations of This Study

This study was designed as an RCT to account for exercise
history, and the sample size and duration have been selected to
ensure an adequately powered sample needed to detect clinically
and statistically significant results. In this study, investigating
the effects of both prebiotics and probiotics with and without
weight-bearing exercise provides strong evidence for an RCT.
The limitation of the study lies in the inability to extend the
duration in terms of further follow-up.

Conclusions

Our research study aims to decrease the possibility of
osteoporotic fractures resulting because of the incidence of
inflammation and loss of bone mass by improving body
composition (lean and fat mass) among postmenopausa women
after =5 years. This study compares the effectiveness of
synbiotic supplementation and weight-bearing exercise
intervention, both of which may be used as a therapy for bone
health maintenance in postmenopausal women. To the best of
our knowledge, thiswill bethefirst RCT to analyze the effects
of both a synbiotic supplement and an exercise intervention in
postmenopausal women. On the basis of the results obtained,
acombination of synbiotic supplementation and exercise might
serve asanoninvasive approach to manage and/or improve body
composition and bone health in postmenopausal women.

Acknowledgments

Thiswork was supported by Lottery Health, New Zealand, and Massey University, Palmerston North, New Zealand.

https://www.researchprotocols.org/2021/10/€30131

JMIR Res Protoc 2021 | vol. 10 | iss. 10 | €30131 | p. 8
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR RESEARCH PROTOCOLS [lesanmi-Oyelere et al

Authors Contributions

MCK, NCR, and BLI conceptualized the research and reviewed the manuscript. BLI wrote thefirst draft. All authors contributed,
reviewed, and approved the submitted version.

Conflictsof I nterest
None declared.

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Szarc vel Szic K, Declerck K, Vidakovi¢ M, Vanden Berghe W. From inflammaging to healthy aging by dietary lifestyle
choices: is epigenetics the key to personalized nutrition? Clin Epigenetics 2015 Mar 25;7(1):33 [FREE Full text] [doi:
10.1186/s13148-015-0068-2] [Medline: 25861393]

Ginaldi L, Di Benedetto MC, De Martinis M. Osteoporosis, inflammation and ageing. Immun Ageing 2005 Nov 04;2:14
[EREE Full text] [doi: 10.1186/1742-4933-2-14] [Medline: 16271143]

Daly RM. Nutrition, aging, and chronic low-grade systemic inflammation in relation to osteoporosis and sarcopenia, in
nutritional influences on bone health. In: Nutritional Influences on Bone Health. London, UK: Springer; 2013.

llich J, Kelly OJ, Kim Y, Spicer M. Low-grade chronic inflammation perpetuated by modern diet as a promoter of obesity
and osteoporosis. Arh Hig Rada Toksikol 2014 Jun;65(2):139-148 [ FREE Full text] [doi: 10.2478/10004-1254-65-2014-2541]
[Medline: 24945416]

Pacifici R. The immune system and bone. Arch Biochem Biophys 2010 Nov 01;503(1):41-53 [FREE Full text] [doi:
10.1016/.abb.2010.05.027] [Medline: 20599675]

D'Amelio P, Grimaldi A, Di Bella S, Brianza SZ, Cristofaro MA, Tamone C, et a. Estrogen deficiency increases
osteoclastogenesis up-regulating T cells activity: a key mechanism in osteoporosis. Bone 2008 Jul;43(1):92-100. [doi:
10.1016/j.bone.2008.02.017] [Medline: 18407820]

TobiasJ, Compston J. Does estrogen stimul ate osteobl ast function in postmenopausal women? Bone 1999 Feb;24(2):121-124.
[doi: 10.1016/s8756-3282(98)00156-2] [Medline: 9951780]

Lindsay R, Hart D, Forrest C, Baird C. Prevention of spinal osteoporosis in oophorectomised women. Lancet 1980 Nov
29;2(8205):1151-1154. [doi: 10.1016/s0140-6736(80)92592-1] [Medline: 6107766]

Ho SC, Leung PC, Swaminathan R, Chan C, Chan SS, Fan YK, et al. Determinants of bone mass in Chinese women aged
21-40 years. |1. Pattern of dietary calcium intake and association with bone mineral density. Osteoporos Int 1994
May;4(3):167-175. [doi: 10.1007/BF01623064] [Medline: 8069057]

Hernandez CJ, Guss JD, Luna M, Goldring SR. Links between the microbiome and bone. JBone Miner Res 2016
Sep;31(9):1638-1646 [FREE Full text] [doi: 10.1002/jbmr.2887] [Medline: 27317164]

Vijay-Kumar M, Aitken JD, Carvalho FA, Cullender TC, Mwangi S, Srinivasan S, et al. Metabolic syndrome and altered
gut microbiotain mice lacking Toll-like receptor 5. Science 2010 Apr 09;328(5975):228-231 [FREE Full text] [doi:
10.1126/science.1179721] [Medline: 20203013]

Ohlsson C, Sjogren K. Effects of the gut microbiota on bone mass. Trends Endocrinol Metab 2015 Feb;26(2):69-74. [doi:
10.1016/j.tem.2014.11.004] [Medline: 25497348]

Sjogren K, Engdahl C, Henning P, Lerner UH, Tremaroli V, Lagerquist MK, et a. The gut microbiota regul ates bone mass
in mice. JBone Miner Res 2012 Jun;27(6):1357-1367 [EREE Full text] [doi: 10.1002/jbmr.1588] [Medline: 22407806]
Kruger MC, Fear A, Chua W, Plimmer GG, Schollum LM. The effect of Lactobacillus rhamnosus HNOO1 on mineral
absorption and bone health in growing male and ovariectomised femalerats. Dairy Sci Technol 2009 Apr 7;89(3-4):219-231.
[doi: 10.1051/dst/2009012]

Steves CJ, Bird S, Williams FM, Spector TD. The microbiome and muscul oskel etal conditions of aging: areview of evidence
for impact and potential therapeutics. JBone Miner Res 2016 Feb;31(2):261-269 [FREE Full text] [doi: 10.1002/jbmr.2765]
[Medline: 26676797]

Ahmed S, Elmantaser M. Calcium and Bone Disorders in Children and Adolescents. In: Endocrine Development. Basel,
Switzerland: Karger Publisher; 2009.

KanisJA, Burlet N, Cooper C, Delmas PD, Reginster J, Borgstrom F, European Society for Clinical and Economic Aspects
of Osteoporosis and Osteoarthritis (ESCEO). European guidance for the diagnosis and management of osteoporosisin
postmenopausal women. Osteoporos Int 2008 Apr;19(4):399-428 [FREE Full text] [doi: 10.1007/500198-008-0560-z]
[Medline: 18266020]

Sanchez-Riera L, Carnahan E, Vos T, Veerman L, Norman R, Lim SS, et a. The global burden attributable to low bone
mineral density. Ann Rheum Dis 2014 Sep; 73(9):1635-1645. [doi: 10.1136/annrheumdis-2013-204320] [Medline: 24692584
Davidson CW, Merrilees MJ, Wilkinson TJ, McKie JS, Gilchrist NL. Hip fracture mortality and morbidity--can we do
better? N Z Med J 2001 Jul 27;114(1136):329-332. [Medline: 11548098]

Brown P. The Burden of Osteoporosisin New Zealand School of Population Health. Auckland: University of
Auckland/Uniservices; 2007.

https://www.researchprotocols.org/2021/10/e30131 JMIR Res Protoc 2021 | vol. 10 | iss. 10| €30131 | p. 9

(page number not for citation purposes)


https://clinicalepigeneticsjournal.biomedcentral.com/articles/10.1186/s13148-015-0068-2
http://dx.doi.org/10.1186/s13148-015-0068-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25861393&dopt=Abstract
https://immunityageing.biomedcentral.com/articles/10.1186/1742-4933-2-14
http://dx.doi.org/10.1186/1742-4933-2-14
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16271143&dopt=Abstract
https://sciendo.com/article/10.2478/10004-1254-65-2014-2541
http://dx.doi.org/10.2478/10004-1254-65-2014-2541
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24945416&dopt=Abstract
http://europepmc.org/abstract/MED/20599675
http://dx.doi.org/10.1016/j.abb.2010.05.027
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20599675&dopt=Abstract
http://dx.doi.org/10.1016/j.bone.2008.02.017
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18407820&dopt=Abstract
http://dx.doi.org/10.1016/s8756-3282(98)00156-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9951780&dopt=Abstract
http://dx.doi.org/10.1016/s0140-6736(80)92592-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=6107766&dopt=Abstract
http://dx.doi.org/10.1007/BF01623064
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8069057&dopt=Abstract
https://doi.org/10.1002/jbmr.2887
http://dx.doi.org/10.1002/jbmr.2887
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27317164&dopt=Abstract
http://europepmc.org/abstract/MED/20203013
http://dx.doi.org/10.1126/science.1179721
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20203013&dopt=Abstract
http://dx.doi.org/10.1016/j.tem.2014.11.004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25497348&dopt=Abstract
https://doi.org/10.1002/jbmr.1588
http://dx.doi.org/10.1002/jbmr.1588
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22407806&dopt=Abstract
http://dx.doi.org/10.1051/dst/2009012
https://doi.org/10.1002/jbmr.2765
http://dx.doi.org/10.1002/jbmr.2765
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26676797&dopt=Abstract
http://europepmc.org/abstract/MED/18266020
http://dx.doi.org/10.1007/s00198-008-0560-z
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18266020&dopt=Abstract
http://dx.doi.org/10.1136/annrheumdis-2013-204320
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24692584&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11548098&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR RESEARCH PROTOCOLS [lesanmi-Oyelere et al

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

35.

36.

37.

38.

39.

40.

41.

42.

Diet, nutrition and the prevention of chronic diseases. WHO Technical Report Series. 2003. URL: http://apps.who.int/iris/
bitstream/handle/10665/42665/WHO_TRS 916.pdf;jsessionid=355060129A A19F8EE41C5D80667C7427?sequence=1
[accessed 2021-09-22]

Brown P, McNeill R, Leung W, Radwan E, Willingale J. Current and future economic burden of osteoporosisin New
Zedand. Appl Health Econ Health Policy 2011 Mar 01;9(2):111-123. [doi: 10.2165/11531500-000000000-00000] [Medline:
21271750

Joint World Health Organi zation/Food and Agriculture Organi zation Expert Consultation. Diet, nutrition and the prevention
of chronic diseases. In: World Health Organization. Geneva, Switzerland: Food and Agriculture Organization of the United
Nations; 1990.

Genant HK, Cooper C, Poor G, Reid I, Ehrlich G, Kanis J, et a. Interim report and recommendations of the World Health
Organization Task-Force for osteoporosis. Osteoporos Int 1999;10(4):259-264. [doi: 10.1007/s001980050224] [Medline:
10692972]

SirisES, Adler R, Bilezikian J, Bolognese M, Dawson-Hughes B, Favus MJ, et al. The clinical diagnosis of osteoporosis:
a position statement from the National Bone Health Alliance Working Group. Osteoporos Int 2014 May;25(5):1439-1443
[FREE Full text] [doi: 10.1007/s00198-014-2655-z] [Medline: 24577348]

Human energy requirements Report of a Joint FAO/WHO/UNU Expert Consultation. Food and Nutrition Technical Report
Series 1. 2001. URL: http://www.fao.org/3/y5686e/y5686e.pdf [accessed 2021-09-22]

Tieland M, Trouwborst I, Clark BC. Skeletal muscle performance and ageing. J Cachexia Sarcopenia Muscle 2018
Feb;9(1):3-19 [FREE Full text] [doi: 10.1002/jcsm.12238] [Medline: 29151281]

Schmitt NM, Schmitt J, Déren M. Therole of physical activity in the prevention of osteoporosisin postmenopausa women-an
update. Maturitas 2009 May 20;63(1):34-38. [doi: 10.1016/j.maturitas.2009.03.002] [Medline: 19356867]

Santos L, Elliott-Sale KJ, Sale C. Exercise and bone health across the lifespan. Biogerontology 2017 Dec;18(6):931-946
[FREE Full text] [doi: 10.1007/s10522-017-9732-6] [Medline: 29052784]

Tan VP, Macdonald HM, Kim S, Nettlefold L, Gabel L, Ashe MC, et al. Influence of physical activity on bone strength in
children and adol escents: asystematic review and narrative synthesis. JBone Miner Res 2014 Oct;29(10):2161-2181 [FREE
Full text] [doi: 10.1002/jbmr.2254] [Medline: 24737388]

Daly RM, DallaViaJ, Duckham RL, Fraser SF, Helge EW. Exercise for the prevention of osteoporosisin postmenopausal
women: an evidence-based guide to the optimal prescription. Braz J Phys Ther 2019 Mar;23(2):170-180 [FREE Full text]
[doi: 10.1016/j.bjpt.2018.11.011] [Medline: 30503353]

Troy K, Mancuso M, Butler T, Johnson J. Exercise early and often: effects of physical activity and exercise on women's
bone health. Int J Environ Res Public Health 2018 Apr 28;15(5):878 [FREE Full text] [doi: 10.3390/ijerph15050878]
[Medline: 29710770]

Muir JM, Ye C, Bhandari M, Adachi JD, Thabane L. The effect of regular physical activity on bone mineral density in
post-menopausal women aged 75 and over: aretrospective analysis from the canadian multicentre osteoporosis study. BMC
Musculoskelet Disord 2013 Aug 23;14(1):253 [FREE Full text] [doi: 10.1186/1471-2474-14-253] [Medline: 23971674]
Benedetti MG, Furlini G, Zati A, LetiziaMauro G. The effectiveness of physical exercise on bone density in osteoporotic
patients. Biomed Res Int 2018 Dec 23;2018:4840531-4840510 [FREE Full text] [doi: 10.1155/2018/4840531] [Medline:
30671455]

Neilson H, Robson PJ, Friedenreich CM, Csizmadi |. Estimating activity energy expenditure: how valid are physical activity
guestionnaires? Am J Clin Nutr 2008 Feb;87(2):279-291. [doi: 10.1093/ajcn/87.2.279] [Medline: 18258615]

Hills AP, Mokhtar N, Byrne NM. Assessment of physical activity and energy expenditure: an overview of objective
measures. Front Nutr 2014;1:5 [FREE Full text] [doi: 10.3389/fnut.2014.00005] [Medline: 25988109]

Schulz L, Schoeller DA. A compilation of total daily energy expenditures and body weightsin healthy adults. Am JClin
Nutr 1994 Nov;60(5):676-681. [doi: 10.1093/ajcn/60.5.676] [Medline: 7942572]

Rettedal EA, llesanmi-Oyelere BL, Roy NC, Coad J, Kruger MC. The gut microbiomeisaltered in postmenopausal women
with osteoporosis and osteopenia. BMR Plus 2021 Mar 19;5(3):€10452 [EREE Full text] [doi: 10.1002/jbm4.10452]
[Medline: 33778322]

Ilesanmi-Oyelere BL. Therole of dietary patterns, inflammatory status and gut microbiome in bone health maintenance of
postmenopausal women: a cross-sectional study. Massey University. 2020. URL : https.//mro.massey.ac.nz/handle/10179/
15775 [accessed 2021-01-17]

Rettedal EA, llesanmi-Oyelere BL, Roy NC, Coad J, Kruger MC. The gut microbiomeisaltered in postmenopausal women
with osteoporosis and osteopenia. BMR Plus 2021 Mar 19;5(3):€10452 [EREE Full text] [doi: 10.1002/jbm4.10452]
[Medline: 33778322]

Nilsson AG, Sundh D, Backhed F, Lorentzon M. Lactobacillus reuteri reduces bone lossin older women with low bone
mineral density: a randomized, placebo-controlled, double-blind, clinical trial. JIntern Med 2018 Sep;284(3):307-317
[FREE Full text] [doi: 10.1111/joim.12805] [Medline: 29926979]

Li C,Huang Q, Yang R, Dal Y, Zeng Y, Tao L, et al. Gut microbiota composition and bone mineral loss-epidemiologic
evidence from individuals in Wuhan, China. Osteoporos Int 2019 May 21;30(5):1003-1013. [doi:
10.1007/s00198-019-04855-5] [Medline: 30666372]

https://www.researchprotocols.org/2021/10/e30131 JMIR Res Protoc 2021 | vol. 10 | iss. 10 | €30131 | p. 10

(page number not for citation purposes)


http://apps.who.int/iris/bitstream/handle/10665/42665/WHO_TRS_916.pdf;jsessionid=355060129AA19F8EE41C5D80667C7427?sequence=1
http://apps.who.int/iris/bitstream/handle/10665/42665/WHO_TRS_916.pdf;jsessionid=355060129AA19F8EE41C5D80667C7427?sequence=1
http://dx.doi.org/10.2165/11531500-000000000-00000
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21271750&dopt=Abstract
http://dx.doi.org/10.1007/s001980050224
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10692972&dopt=Abstract
http://europepmc.org/abstract/MED/24577348
http://dx.doi.org/10.1007/s00198-014-2655-z
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24577348&dopt=Abstract
http://www.fao.org/3/y5686e/y5686e.pdf
https://doi.org/10.1002/jcsm.12238
http://dx.doi.org/10.1002/jcsm.12238
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29151281&dopt=Abstract
http://dx.doi.org/10.1016/j.maturitas.2009.03.002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19356867&dopt=Abstract
http://europepmc.org/abstract/MED/29052784
http://dx.doi.org/10.1007/s10522-017-9732-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29052784&dopt=Abstract
https://doi.org/10.1002/jbmr.2254
https://doi.org/10.1002/jbmr.2254
http://dx.doi.org/10.1002/jbmr.2254
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24737388&dopt=Abstract
http://europepmc.org/abstract/MED/30503353
http://dx.doi.org/10.1016/j.bjpt.2018.11.011
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30503353&dopt=Abstract
https://www.mdpi.com/resolver?pii=ijerph15050878
http://dx.doi.org/10.3390/ijerph15050878
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29710770&dopt=Abstract
https://bmcmusculoskeletdisord.biomedcentral.com/articles/10.1186/1471-2474-14-253
http://dx.doi.org/10.1186/1471-2474-14-253
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23971674&dopt=Abstract
https://doi.org/10.1155/2018/4840531
http://dx.doi.org/10.1155/2018/4840531
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30671455&dopt=Abstract
http://dx.doi.org/10.1093/ajcn/87.2.279
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18258615&dopt=Abstract
https://doi.org/10.3389/fnut.2014.00005
http://dx.doi.org/10.3389/fnut.2014.00005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25988109&dopt=Abstract
http://dx.doi.org/10.1093/ajcn/60.5.676
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=7942572&dopt=Abstract
https://doi.org/10.1002/jbm4.10452
http://dx.doi.org/10.1002/jbm4.10452
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33778322&dopt=Abstract
https://mro.massey.ac.nz/handle/10179/15775
https://mro.massey.ac.nz/handle/10179/15775
https://doi.org/10.1002/jbm4.10452
http://dx.doi.org/10.1002/jbm4.10452
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33778322&dopt=Abstract
https://doi.org/10.1111/joim.12805
http://dx.doi.org/10.1111/joim.12805
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29926979&dopt=Abstract
http://dx.doi.org/10.1007/s00198-019-04855-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30666372&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR RESEARCH PROTOCOLS [lesanmi-Oyelere et al

43.

45,

46.

47.

Scholz-Ahrens KE, Adolphi B, Rochat F, Barclay DV, de Vrese M, Acil Y, et a. Effects of probiotics, prebiotics, and
synbiotics on mineral metabolism in ovariectomized rats— impact of bacterial mass, intestinal absorptive areaand reduction
of bone turn-over. NFS Journal 2016 Aug;3:41-50. [doi: 10.1016/j.nfs.2016.03.001]

Kazemi A, Soltani S, Ghorabi S, Keshtkar A, Daneshzad E, Nasri F, et al. Effect of probiotic and synbiotic supplementation
on inflammatory markers in health and disease status: a systematic review and meta-analysis of clinical trials. Clin Nutr
2020 Mar;39(3):789-819. [doi: 10.1016/j.cInu.2019.04.004] [Medline: 31060892]

Parvaneh K, Jamaluddin R, Karimi G, Erfani R. Effect of probiotics supplementation on bone mineral content and bone
mass density. ScientificWorldJournal 2014 Jan 22;2014:595962 [FREE Full text] [doi: 10.1155/2014/595962] [Medline:
24587733]

Bilek LD, Waltman NL, Lappe JM, Kupzyk KA, Mack LR, Cullen DM, et al. Protocol for arandomized controlled trial
to compare bone-loading exercises with risedronate for preventing bone loss in osteopenic postmenopausal women. BMC
Womens Health 2016 Aug 30;16(1):59 [FREE Full text] [doi: 10.1186/s12905-016-0339-x] [Medline: 27576310]
Yatsonsky li D, Pan K, Shendge VB, Liu J, Ebraheim NA. Linkage of microbiotaand osteoporosis: amini literature review.
World J Orthop 2019 Mar 18;10(3):123-127 [FREE Full text] [doi: 10.5312/wj0.v10.i3.123] [Medline: 30918795]

Abbreviations

ANOVA: analysis of variance

BMD: bone minera density

COMP: cartilage oligomeric matrix protein
CTx-1: cross-linked C-tel opeptide of type 1 collagen
DXA: dual-energy x-ray absorptiometry

ELISA: enzyme-linked immunosorbent assay
HRT: hormone replacement therapy

hs-CRP: high-sensitivity C-reactive protein

IL: interleukin

PINP: procollagen type 1 N-terminal propeptide
QALY: quality-adjusted life-year

RCT: randomized controlled trial

SCFA: short-chain fatty acid

TNF: tumor necrosis factor

Edited by G Eysenbach; submitted 02.05.21; peer-reviewed by W Chee, S Esworthy; comments to author 19.07.21; revised version
received 08.08.21; accepted 10.08.21; published 26.10.21

Please cite as:

llesanmi-Oyelere BL, Roy NC, Kruger MC

Modulation of Bone and Joint Biomarkers, Gut Microbiota, and Inflammation Satus by Synbiotic Supplementation and Weight-Bearing
Exercise: Human Sudy Protocol for a Randomized Controlled Trial

JMIR Res Protoc 2021;10(10):€30131

URL.: https://www.researchprotocols.org/2021/10/€30131

doi: 10.2196/30131

PMID:

©Bolgji Lilian llesanmi-Oyelere, Nicole C Roy, Marlena C Kruger. Originally published in JIMIR Research Protocols
(https://lwww.researchprotocols.org), 26.10.2021. This is an open-access article distributed under the terms of the Creative
Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work, first published in IMIR Research Protocols, is properly cited. The
complete bibliographic information, a link to the original publication on https.//www.researchprotocols.org, as well as this
copyright and license information must be included.

https://www.researchprotocols.org/2021/10/e30131 JMIR Res Protoc 2021 | vol. 10 | iss. 10 | €30131 | p. 11

RenderX

(page number not for citation purposes)


http://dx.doi.org/10.1016/j.nfs.2016.03.001
http://dx.doi.org/10.1016/j.clnu.2019.04.004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31060892&dopt=Abstract
https://doi.org/10.1155/2014/595962
http://dx.doi.org/10.1155/2014/595962
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24587733&dopt=Abstract
https://bmcwomenshealth.biomedcentral.com/articles/10.1186/s12905-016-0339-x
http://dx.doi.org/10.1186/s12905-016-0339-x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27576310&dopt=Abstract
https://www.wjgnet.com/2218-5836/full/v10/i3/123.htm
http://dx.doi.org/10.5312/wjo.v10.i3.123
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30918795&dopt=Abstract
https://www.researchprotocols.org/2021/10/e30131
http://dx.doi.org/10.2196/30131
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

