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ABSTRACT

Postmenopausal osteoporosis results in low bone mineral density, interference in bone microarchitecture,
decreased bone strength, and an increased risk of fragility fractures. This systematic review aimed to
increase the level of evidence on supplementation with bacteria of the genus Bifidobacterium in induced
osteoporosis in murines, rats, and ovariectomized female mice (OVX). The search was initially conducted
using the PubMed, Embase, ScienceDirect, Scopus, Web of Science, and Scielo databases in 2024, using
the keywords “osteoporosis”, “murine”, “ovariectomized”, “OVX”, and “Bifidobacterium”. In total, 89
full articles, abstracts, or book chapters were found and after detailed screening, 5 studies met the
inclusion criteria, using 66 animals, randomly divided between control and treatment groups. The results
demonstrated that oral supplementation with bacteria of the genus Bifidobacterium significantly improves
parameters indicative of bone health BMD, BMC, BV/TV%, and Tb.Sp. In conclusion, this meta-analysis
provides evidence that bacteria of the genus Bifidobacterium are involved in anti-osteoporotic
mechanisms in female OVX rats and mice, as a preclinical model, and suggests the need for further
studies in postmenopausal women as a therapeutic alternative or complementary therapy to conventional
osteoporosis treatments.
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RESUMO

A osteoporose poés-menopausa resulta em baixa densidade mineral dssea, interferéncia na
microarquitetura éssea, diminuicdo da resisténcia 6ssea e aumento do risco de fraturas por fragilidade.
Esta revisdo sistematica teve como objetivo aumentar o nivel de evidéncia sobre a suplementacdo com
bactérias do género Bifidobacterium na osteoporose induzida em murinos, ratos e camundongos fémeas
ovariectomizados (OVX). A busca foi realizada inicialmente nas bases de dados PubMed, Embase,
ScienceDirect, Scopus, Web of Science e Scielo em 2024, utilizando as palavras-chave “osteoporosis”,
“murine”, “ovariectomized”, “OVX” e “Bifidobacterium”. No total, foram encontrados 89 artigos
completos, resumos ou capitulos de livros e apos triagem detalhada, 5 estudos atenderam aos critérios de
inclusdo, utilizando 66 animais, divididos aleatoriamente entre grupos controle e tratamento. Os
resultados demonstraram que a suplementacdo oral com bactérias do género Bifidobacterium melhora
significativamente os parametros indicativos de salde 6ssea DMO, CMO, BV/TV% e Th.Sp. Em
conclusdo, esta meta-analise fornece evidéncias de que bactérias do género Bifidobacterium estdo
envolvidas em mecanismos anti-osteopordticos em ratas e camundongos OV X fémeas, como modelo pré-
clinico, e sugere a necessidade de mais estudos em mulheres na pds-menopausa como alternativa
terapéutica ou complementar terapéutica aos tratamentos convencionais da osteoporose.

Palavras-chave: Osso; Bifidobacterium; Ovariectomizado; Ratos; Camundongos.
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INTRODUCTION

Osteoporosis, from the Greek term "porous bone"”, is a common bone disease,
affecting millions of people around the world. Although risk factors for osteoporosis
vary depending on sex and age, osteoporotic fractures can result in substantial morbidity
and mortality in both men and women (MITEK et al., 2019; RADOMINSKI et al.,
2017). It is a chronic disease that affects the physical, emotional, and mental well-being
of one in three women worldwide, and one in five men over the age of 50. According to
the WHO (World Health Organization), this disease is defined as having a bone density
of less than 2.5 SD (standard deviation) compared to an average healthy population of
the same age and sex (DAMANI et al., 2022; KEEN; REDDIVARI, 2023; SALARI et
al., 2021; TREVISAN et al., 2020).

The primary endocrine factors involved in the development of osteoporosis are
the parathyroid hormone (PTH), vitamin D, calcitonin, and estrogen. PTH and vitamin
D are directly connected: PTH can increase calcium absorption through the kidneys,
bones, and intestine; promote the activity of osteoclasts; and activate vitamin D to form
calcitriol, promoting intestinal calcium absorption. The roles of PTH and vitamin D are
opposite to those of calcitonin, which binds to its receptor to reversibly block osteoclast
function, thereby blocking bone resorption. Estrogen can also block bone resorption
through interaction with tissue-specific receptors, estrogen receptor o (ERa) and
estrogen receptor B (ERP), to increase osteoclast apoptosis; a decrease in estrogen
production in postmenopausal women is one reason why this population has a higher
incidence of osteoporosis (ROONEY et al., 2023).

A growing body of preclinical and clinical literature shows that microorganisms,
described as probiotics, are essential for improving intestinal absorption of calcium and
other minerals and also for improving skeletal health (MCCABE; BRITTON;
PARAMESWARAN, 2015; WEAVER, 2015). Bifidobacteria are probiotics commonly
found throughout the colon of humans and animals, that are considered normal residents
of the gastrointestinal tract (NIELSEN et al., 2003). These microbes are anaerobic,
nonpathogenic, gram-positive, non-spore-forming, pleomorphic, and catalase-negative
(ZACARIAS et al., 2020). Different species and/or strains of bifidobacteria may have
different beneficial effects on health, such as regulation of intestinal microbial
homeostasis, repression of pro-carcinogenic enzymatic activities in the microbiota,

production of vitamins, and bioconversion of various dietary compounds into bioactive
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molecules (CHUGH; KAMAL-ELDIN, 2020). Most current evidence suggests the
beneficial impact of oral probiotic supplementation during periods of rapid adolescent
growth and also life stages characterized by greater bone mineral loss and osteoporotic
fracture risk (DE SIRE et al., 2022; JIA et al., 2021; MCCABE; BRITTON;
PARAMESWARAN, 2015).

In animal models, results demonstrated that oral probiotic supplementation is a
safe and effective alternative to prevent bone loss and increase bone density in healthy
or moderately inflamed individuals, as well as protecting against primary (estrogen
deficiency) and secondary osteoporosis (COLLINS et al.,, 2017). However, due to
different types of probiotic microorganisms, supplemented orally in isolation or in
combination, these results need to be compiled and, if possible, secondary statistical
analysis needs to be carried out, as preclinical models, to increase the level of evidence
in the use of bacteria of the genus Bifidobacterium in the treatment of osteoporosis in
ovariectomized murine females, and thus encourage the performance of randomized
clinical studies (RCTs).

METHODOLOGY

The systematic review to carry out the meta-analysis of this work was conducted
in accordance with the recommendations of CAMARADES (Collaborative Approach to
Meta-Analysis and Review of Animal Data from Experimental Studies) and registered
on the OSF platform (Open Science Framework) (https://osf.io/nrgja). For the report,
the guidelines described in the Preferred Report Items for Systematic Reviews and
Meta-Analyses (PRISMA) were followed (MOHER et al., 2015).

Search Strategy

The data and articles used in the systematic review were obtained during the
month of January 2023, and the search strategy was repeated in April of the same year.
The searches were carried out in the electronic scientific databases “Embase”,
“PubMed”, “Scielo”, “ScienceDirect”, “Scopus”, and “Web of Science”, available on
the Internet. For the searches, the keywords “osteoporosis”, “murine”,
“ovariectomized”, “OVX”, and “Bifidobacterium” were used, which are accepted as
Health Sciences Descriptors (DeCS) and Medical Subject Headings (MeSH). These

terms were used together in English and Portuguese. To make the research more
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comprehensive, at this stage, all results obtained were analyzed, without restrictions on
dates, language of publication or category, including complete articles, abstracts, and
book chapters.

Inclusion and Exclusion Criteria for Study Selection

The works that contained the keywords were selected and analyzed
independently by two researchers from the group, and in case of disagreement, a third
author was consulted. Duplicate records and works that were not related to the proposed
objectives were manually excluded after analyzing the titles and/or abstracts. Complete
works that studied the following P.I1.C.O. were selected: (i) Population: ovariectomized
rats (OVX); (i) Intervention: supplementation with bacteria of the genus
Bifidobacterium; (iii) Control: OVX female mice not supplemented in the diet with
bacteria of the genus Bifidobacterium; (iv) Outcomes: evaluation of osteoporosis
indicator parameters. Clinical trials in other species, pilot studies, review articles, and
works that did not address the objective of this meta-analysis were excluded.

Data extraction
A spreadsheet was created with data from each study selected in the previous
stage: author(s)/year of publication, Bifidobacterium used, duration of the experiment,

species and number of animals used, and parameters analyzed (Table 1).

Parameters of Interest

We defined the trabecular fraction of the bone volume of the femur (BV/TV%),
trabecular thickness of the femur (Th.Th), trabecular spacing of the femur (Th.Sp), bone
mineral density of the trabecular portion of the femur (BMD), femoral bone mineral
content (BMC), serum calcium (Ca) concentration, and serum phosphorus (P)
concentration, as parameters of primary relevance for the objectives of this meta-

analysis.

Quiality of Studies and Risk of Bias

The methodological quality of individual studies was assessed by 2 authors,
independently, based on the Collaborative Approach to Meta-analysis and Review of
Animal Data from Experimental Studies checklists (MACLEOD et al., 2015) and the

Risk of Bias Assessment Tools and Other Methodological Criteria for Published Animal
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Studies (KRAUTH; WOODRUFF; BERO, 2013). These guidelines assess quality using
the following criteria: (1) sample size calculation; (2) random allocation to treatment;
(3) rearing conditions (e.g., breeding program, light/dark cycle, temperature, food type,
access to water, and environmental enrichment); (4) blind evaluation of results; (5)
compliance with animal welfare regulations; (6) disclosure of conflicts of interest; and
(7) peer-reviewed publication. The quality scale varies from 0 to 7 points. A third

reviewer resolved any differences between the 2 reviewers.

Statistical Analysis

We used RevMan 5.3 software to perform the meta-analysis calculations. For the
analysis of the inverse variance, we used the means and standard deviations of the
results of each study to compare the data found. Heterogeneity was calculated using the
Q? and I? test, significance was defined at p<0.10 or 12>50%. Fixed effects of treatments
were analyzed, however when we observed significant heterogeneity between studies,
we analyzed random effects. BMD values were standardized using the Hedges
adjustment method and implemented with RevMan 5.3. A value equal to or less than

5% was considered statistically significant.

RESULTS

Initially, 89 complete articles, abstracts, review articles, or book chapters were
found that contained the keywords used in the bibliographic search. Of these, after
independent screening of titles and abstracts by two researchers, 11 were potentially
chosen for further evaluation and, following complete evaluation of the works, 05
experimental studies were selected, including one study that used female mice (SAPRA
et al.,, 2022) and four others that used rats (JIA et al.,, 2021; MONTAZERI-
NAJAFABADY et al., 2019, 2021; PARVANEH et al., 2015) and which met the
inclusion criteria. The process of literature selection, study selection, and reasons for

exclusion are shown in the PRISMA flow diagram (Figure 1).
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Figure 1 - PRISMA flow diagram showing the process of literature selection, study selection,

and reasons for exclusion.
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Source: authors

Characteristics of the studies included in the meta-analysis

The selected works studied the effects of treatment with different strains of
Bifidobacterium on indicators of osteoporosis induced in OVX female mice. The doses
used and the compositions are described in Table 1.

The duration of the studies included in the meta-analyses varied between 28 and
112 days and included a total of 54 ovariectomized female rats and 12 female mice,
divided between control and treatment groups. The studies were carried out in the South
and Southeast Asia and Middle East regions and published from 2015 to 2022.

The studies and the summary of the characteristics of the studies included in the
meta-analysis are presented in Table 1. The results of the parameters chosen for analysis
were expressed clearly, in such a way that they allowed the safe extraction of values to
be meta-analyzed (Table 2).
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Table 1 - Composition of Bifidobacterium and doses used in the studies

Author/
Year

Probiotic

Dose

Composition

PARVANEH
et al. (2015)

MONTAZERI-
NAJAFABAD
Y etal. (2019)

JIAetal.,
(2021)

MONTAZERI-
NAJAFABAD
Y et al. (2021)

SAPRA et al.
(2022)

Bifidobacterium
longum ATCC
15707

Bifidobacterium

Bifidobacterium
longum BL986

Bifidobacterium

Bifidobacterium
longum UBBL-
64

1 mL (108-10°
CFU/mL/day)

1 mL (10°
CFU/mL/day)

1 mL (107
CFU/mL/day)

1 mL (10°
CFU/mi/day)

400 pL (10°
CFU/day)

Bifidobacterium longum activated in
Broth (De Man Rogosa and Sharpe,
Difco, Detroit, MI, USA) modified
with 0.02% sodium carbonate, 0.01%
calcium chloride dehydration, and 1%
L-cysteine solution 0.05%.

Total of 20 traditional fermented yogurt
samples, produced on the northern
coast of the Persian Gulf, were used to
isolate Bifidobacterium spp from lactic
acid.
Commercial
BL986.
Total of 20 traditional fermented yogurt
samples, produced on the northern
coast of the Persian Gulf, were used to
isolate Bifidobacterium spp from lactic
acid

Bifidobacterium longum UBBL-64
(M1395) grown in Bifido broth
containing 0.05% L-cysteine under
anaerobic conditions.

Bifidobacterium longum

Source: authors.

Table 2 - Characteristics of the studies included in the meta-analysis

Authors/ Year Experiment Species/sex Animals Meta-analyzed
duration (days) per group parameters
0,
PARVANEH et al. Sprague_DaW|ey BMD, BV/TV/O,
112 8 Th.Th, Th.Sp,
(2015) rat/female
and Ca.
MONTAZERI-
NAJAFABADY et 28 Sprfft‘;fee'n?;"g'ey BM Dér%I\/ILC, Ca,
al. (2019) :
Sprague-Dawley
JIAetal., (2021) 30 pathogen free rat BV/TV%, Tb.Sp
(SPF)/ female
MONTAZERI-
NAJAFABADY et 28 Sprff;f:?;\gley BMD, BPMC, Ca,
al. (2021) .
C57BL/6 J .
SAPRA et al. pathogen free BMD, BV/TV%,
42 Tb.Th, and
(2022) (SPF) mouse/ oS

female

Meta-analyzed parameters: Bone mineral density of the femoral portion (BMD); Femoral bone mineral
content (BMC); Femoral bone volume fraction (BV/TV%); Trabecular thickness of the femur (Th.Th);
Trabecular spacing of the femur (Tb.Sp); Serum calcium concentration (Ca); and Serum phosphorus
concentration (P). Source: authors
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The meta-analysis of the results for trabecular bone mineral density, BMD,
demonstrates that Bifidobacterium longum ATCC 15707, Bifidobacterium longum
UBBL-64, and Bifidobacterium spp. are able to improve this parameter significantly

(P=0.00009), when compared to the control groups (Figure 2).

Figure 2 - Forest plot for the effect of consumption of bacteria of the genus Bifidobacterium on
bone mineral density of the trabecular portion of the femur (BMD), expressed as mean

differences between the intervention and control diets.

Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV,Random,95%Cl Year IV, Random, 95% Cl
Parvaneh etal. 2015 089 007 B 049 007 B 183%  030(023,037 2015 —
Wontazeri-Majafabadyetal 2019 047 0.01 70 om TO4%  DO06[005007 28 =
Montazeri-Najafabadyetal. 2021 017 0.01 7017 0m TOT4%  000EDDY 001 207 ®
Sapra et al. 2022 027 001 6 022 007 6 68%  005(003,007 202 &+
Total (95% Cl) 28 28 100.0%  0.08[0.03,0.13] <D
Heterogeneity, Tau®= 0.00; Chi*=124.75, df= 3 (F < 0.00001}; F= 48% — —
Testfor overall effect 2= 3.31 (P=0.000) 02 41 0 b1 02

Favours [control] Favours [experimental]

Source: authors

The meta-analysis of the results for femoral bone mineral content, BMC,
demonstrates that Bifidobacterium spp. is able to improve this parameter significantly

(P<0.05), when compared to the control groups (Figure 3).

Figure 3 - Forest plot for the effect of consumption of bacteria of the genus Bifidobacterium on
(a) levels of femoral bone mineral content, BMC, expressed as mean differences between the

intervention and control diets.

Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV,Random, 95%Cl IV, Random, 95% Cl
Montazer-Najafabady etal 2018 041 002 7 043 0M 7 4801%  0.08[0.06 010 |
Montazeri-Majafabady etal. 2021 047 001 7033 003 7 488%  0.24[0.22 0.26) |
Tatal (95% Cl) 14 14 100.0%  0.6]0.00,032] -*-
Heterogeneity: Tau®=0.01; Chi*=119.47, df=1 (P «0.00001); F=99% _055 _0525 j 0525 DI5
Testfor overall eflect 2= 200 F = 0.09) Favours [contral] Favours [experimental]

Source: authors

The meta-analysis of results for BV/TV% demonstrates that the probiotics
Bifidobacterium longum ATCC 15707 and Bifidobacterium longum UBBL-64 are able
to improve this parameter significantly (P<0.00001), when compared to the control
groups (Figure 4a). The meta-analysis of the results for Th.Th demonstrates that neither
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Bifidobacterium longum ATCC 15707 nor Bifidobacterium longum UBBL-64
prebiotics improved this parameter (P=0.31) (Figure 4b). The statistical results that
evaluated trabecular (Th.Sp) after
Bifidobacterium longum ATCC 15707 and Bifidobacterium longum UBBL-64 revealed

a significant difference (P=0.06) when compared to the control group (Figure 4c).

spacing in the femur interventions with

Figure 4 - Forest plots for the effects of consumption of bacteria of the genus Bifidobacterium
on: (a) trabecular femur bone volume fraction (BV/TV%); (b) trabecular femoral thickness
(Th.Th); and (c) femoral trabecular spacing (Th.Sp), expressed as mean differences between the

intervention and control diets.

Experimental Control Mean Difference Mean Difference (a)
Study or Subgroup Mean 5D Total Mean 5D Total Weight IV, Random, 95% Cl ¥, Random, 95% C
Jiagtal 201 797 446 5 BOZ 21 5 338% 19.95[15.58 2431] -
Parvanehetal 2015 6055 357 B 496 569 8 330% 1095(6.30,15.60) —=
Sapra el al 2022 2507 479 6 1362 313 6 331% 11.40(6.82,15.98) -
Total (35% CI) 19 19 10000% 14.14 [8.30, 19.99] -

i 2= - ChiP= =7 (P= ‘F= F } } {
Heterogeneity. Tau®= 21 32, Chif = 9.98, df= 2 (P = 0.007), F = 80% 0 35 0 75 50
Testfor overall effect £= 4.74 (P < 0.00001} Favours [contsol] Favours [experimental]

Experimental Control Mean Difference Mean Difference [b)
Study or Subgroup Mean 5D Total Mean 50 Total Weight IV, Random, 95% Cl IV, Random, 95% Cl
Parvaneh etal 2015 T8 018 8 433 004 g 500% 307 (2.94,320) u
Sapra elal 2022 006 0001 6 005 0001 B 50.0% 0,01 (0,01, 0.1)
Total (35% CI) 14 14 100.0%  1.54[-1.46,4.54]
Heterogenaify, Tau®= 4 68; Chi= 220303, df= 1 (P <0,00001); F=100% 5 0 é‘ 150
Testfar averall effect Z=1.01 (P = 0.31) Favours [control] Favours [experimental]
Experimental Control Mean Difference Mean Difference (C}
Study or Subgroup Mean 5D Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Jiaetal 201 034 005 5 064 008 § 383% -0.30[038-0.22) =
Pareaneh et al. 2015 53 04 8 603 026 8 M2I% -0T3IF106-040 ———
Sapra efal 2022 018 0.M 6 027 0. 6 405% -008 010, -0.08) L
Total (35% C1) 19 19 100.0% -0.31 [-0.53, 0.09] i
Heteroganeity Tau®= 0.03; Chi*= 3843, di= 2 (P = 0.00001); F= 85% _=| -[l=5 5 [llr,‘; ;

Tasifor pverall sflect £= 2.72 (F = 0.000) Favours [experimental] Favours [control]

Source: authors

In the meta-analysis of the results related to Ca, it was observed that the rats in
the groups supplemented with Bifidobacterium spp. did not demonstrate significant
improvement (P=0.95) compared to the control groups during the experimental period
(Figure 5a). Rats supplemented with Bifidobacterium spp. also did not demonstrate
significant improvement in serum phosphorus concentration (P=0.11) compared to the

control groups during the experimental period (Figure 5b).
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Figure 5 - Forest plots for the effects of consumption of bacteria of the genus Bifidobacterium
on (a) serum calcium levels and (b) serum phosphorus levels, expressed as mean differences

between the intervention and control diets.

Experimental Control Mean Difference Mean Difference (a)
Study or Subgroup Mean 3D Total Mean 5D Tolal Weight IV, Random, 95%Cl Year IV, Random, 55% CI
Parvaneh elal. 2013 904 8 a0 8 NI 01601, 053] W5 T
Montazeri-Najafabady etal 2019 982 0.4 7 o943 006 7 4% 039[028 050 NG -
Montazeri-Hajafabadyelal 2011 245 0.1 7 806 012 7 338% -DE1p079.-043) WA ——=

Total (95% C1) b} 27 100.0%  0.02[0.74,0.70] --*--

Heterogenedty, Tau®= 030, Chi®=83.69, df=2 (P = 0.00001); = 38% 1 y ! y 1
Test far averall effect 2 = 0.06{F = 0.95) s 0 08 i
o =ta Fawours [experimental] Favours [confrol]

Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean 5D Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% Cl (b)
MorfazerkMajafabadyetal 2019 611 007 7 537 005 7 559% -026[0.32,-00) |
Morfazer-Majafabadyetal 2021 734 027 7 233 08 T 441% -D99}1.43,.050) —i—
Total (35% C1) 14 14 100.0% 058[1.20,0.43) S
Heterogeneity, Tau®=0.23; Chit = 8.25, df= 1 (P = 0004); P= BB% -Id 2 E é
Testfor overall effect =161 (P=0011) Favours [contrall Famurs [eperimental]

Source: authors

Study and Risk of Bias

The results of our risk of bias assessment of the five studies included in this
systematic review are presented in Table 3. None of the studies described performing a
sample size calculation and blind assessment of results. Only one study did not describe
having carried out random allocation to treatment (JIA et al., 2021). All studies
described having maintained adequate breeding conditions (e.g., breeding program,
light/dark cycle, temperature, type of food, access to water, and environmental
enrichment), and compliance with animal welfare regulations, and cited having
disclosed possible conflicts of interest and peer-reviewed publication. The studies
presented low risk of bias in most methodological criteria and achieved the desired

quality.

DISCUSSION

Osteoporosis is a systemic bone disease characterized by reduced bone mass and
deterioration of bone microarchitecture, leading to bone fragility and an increased risk
of fractures (SLUPSKI; JAWIEN; NOWAK, 2021). In women, bones are smaller and
thinner and during menopause there is a drop in estrogen levels, which triggers rapid

acceleration of bone loss, beginning at least one year before menopause and continuing
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for another three years, before slowing down slightly, and which can last for up to eight
subsequent years. Even in the postmenopausal phase, this condition of bone loss may
persist, as demonstrated through monitoring of bone loss rates and bone resorption
markers (NOVRIADI et al., 2023).

Table 3. Evaluation criteria for study selection.

Study 1 2 3 4 5 6 7
PARVANEH et al.

(2015) N Y Y N Y Y Y
MONTAZERI-

NAJAFABADY et al. N Y Y N Y Y Y
(2019)

JIA et al., (2021) N N Y N Y Y Y
MONTAZERI-

NAJAFABADY et al. N Y Y N Y Y Y
(2021)

SAPRA et al. (2022) N Y Y N Y Y Y

Risk of bias: #, YES; *, NO. Risk of bias assessment questions: (1) sample size calculation; (2) random
allocation to treatment; (3) rearing conditions (e.g., breeding program, light/dark cycle, temperature, food
type, access to water, and environmental enrichment); (4) blind evaluation of results; (5) compliance with
animal welfare regulations; (6) disclosure of conflicts of interest; and (7) peer-reviewed publication.
Source: authors

In this sense, a range of studies have been performed with preclinical models to
better understand the pathophysiology of osteoporosis, enabling analysis of clinical
conditions and observation of opportunistic reuse of existing compounds, which have
contributed to the development of medicines. However, the available treatments do not
reduce the occurrence of fractures, which may also be related to the incorrect
prescription and use of medications by patients, to the detriment of possible side effects
and a long period of treatment (KHOSLA; HOFBAUER, 2017).

Despite advances, a concerning gap in patient care remains (COMPSTON;
MCCLUNG; LESLIE, 2019), as conventional treatments with risedronate or
bisphosphonates reserved for people over 60 years of age have demonstrated side
effects that compromise therapeutic adherence, such as gastrointestinal lesions in the
upper portion of the tract and esophageal irritation and dyspepsia (ARANTES; SILVA;
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LAZARETTI-CASTRO, 2010; NOVRIADI et al., 2023; YAMAMOTO et al., 2019).
After treatment with the monoclonal antibody, denosumab, patients presented
hypocalcemia, resulting from the decrease in the absorption potential generated by
medication with this mineral. Furthermore, patients may develop angioedema, erythema
multiforme, dermatitis, rash, and urticaria and an important barrier to this treatment is
discontinuation, which should not be abrupt due to the potential to generate bone
injuries (COMPSTON; MCCLUNG; LESLIE, 2019; TSVETOV et al., 2020). In
addition, recommended treatments based on hormone replacement have been subject to
the occurrence of adverse effects, mainly cardiovascular complications and cancer
induction (higher incidences of breast and uterus) (AIBAR-ALMAZAN et al., 2022;
GROUP ON HORMONAL FACTORS IN BREAST CANCER, 2019). With the same
aim, diets with high doses of calcium have been shown to increase the supply of this
mineral, however, they have important limitations, such as an increased risk of heart and
kidney disease (HAMILTON; TERENTYEV, 2019; MADISON; KIECOLT-GLASER,
2019).

Preclinical models that reproduce the pathophysiological effects of
postmenopausal osteoporosis in humans adopt the use of ovariectomized mice as a
validated experimental model (KALU, 1991), because after surgical intervention, the
results demonstrated a reduction in diaphyseal bone mineral density and impairment in
biomechanical properties, when compared to control animals (ARTONI DE
CARVALHO et al., 2023). Thus, the use of animals, female OVX rats and mice, is a
widely used experimental model for evaluating the effects of supplementation with
functional foods, probiotics and prebiotics, as an alternative therapy to those
traditionally used for maintaining bone health, in studies that analyzed parameters
indicative of osteoporosis (ARTONI DE CARVALHO et al., 2023; JIA et al., 2021,
MONTAZERI-NAJAFABADY et al., 2019, 2021; PARVANEH et al., 2015; SAPRA
etal., 2022).

The beneficial results observed in studies using probiotics are due to the ability
of this dietary supplement to reduce the occurrence of senescence-induced osteoporosis,
prevent bone loss induced by OVX, inhibit the differentiation of osteoclast precursor
cells in vitro, and accelerate the remodeling of the callosal cartilage of the fracture
(LEGETTE et al., 2012; LYU et al., 2023).

In this meta-analysis, the results increased the level of evidence that oral

supplementation with bacteria of the genus Bifidobacterium is able to significantly
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improve the BV/TV%, BMD, and BMC parameters and that these are related to the
composition, structure, organization, and mechanical resistance of the bone tissue of the
femur and are determining factors in the occurrence of fractures (HELGASON et al.,
2008; MATHEY et al., 2007). These positive effects on BMD and BMC reiterate the
pro-regenerative relationship, mainly in preserving the barrier and intestinal microbiota
(ROBERTS et al., 2020, 2023). This genus of bacteria in the intestinal microbiota
stimulates the production of short-chain fatty acids (SCFA), which reduce luminal pH
and increase calcium solubility and transcellular absorption, mainly in the distal colon
(DAVIS et al., 2020; MONTAZERI-NAJAFABADY et al., 2021). In addition, it has the
ability to positively regulate the secreted protein acidic and rich in cysteine (SPARC), a
glycoprotein that encodes a non-collagenous protein necessary in the bone extracellular
matrix for the calcification of collagen in bone, and a Ca-binding receptor. Thus, this
genus is associated with remodeling, repair, tissue development, cell renewal, and bone
mineralization, resulting in stronger bones (PARVANEH et al., 2015; RIBEIRO et al.,
2014) and bone morphogenetic protein 2 (BMP2) and playing an important role in
regulating the microenvironment of the bone marrow matrix and promoting the
osteogenic differentiation of mesenchymal stem cells that are involved in signaling
pathways associated with the organization of the extracellular matrix, differentiation of
osteoblasts, ossification, bone development, chondrocyte differentiation, and bone
morphogenesis (CAl et al., 2020).

A growing body of data demonstrates that estrogen deficiency, during
menopause in women and induced in an animal model by ovariectomy, leads to
alterations in the intestinal microbiota, which may contribute to the development of
osteoporosis resulting from increased bone remodeling and decreased bone formation in
each remodeling unit, resulting in a loss of bone mass (IBANEZ et al., 2019; LI et al.,
2016, 2020; PARVANEH et al., 2015; XU et al., 2017). The administration of
probiotics can have favorable effects, delaying the process (BEHERA et al., 2020; LI et
al., 2016).

Excessive recovery is a risk factor for fracture, which may be important in small
bones (HEANEY, 2006; MADISON; KIECOLT-GLASER, 2019) and supplementation
of probiotics from the genus Bifidobacterium were shown to inhibit bone remodeling,
through the ability to modulate osteoclastogenesis in terms of the differentiation of
Tregs, Bregs, and Th17 cells, a fundamental role of the “Breg — Treg — Th17” cellular

axis in postmenopausal osteoporotic mouse models, however, the metabolites involved
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in the “immunoporotic” potential need to be elucidated (SAPRA et al., 2022;
SRIVASTAVA et al., 2022).

Osteoporosis is accompanied by changes in the microstructure of bone tissue,
such as reductions in BV/TV% and Tbh.Th and an increase in Th.Sp, as well as total
porosity and risk of bone fracture. Meta-analyses highlighted these characteristics of
osteoporosis in the OVX and non-probiotic supplemented groups, as well as in others
not included in this systematic review (ABDUL-MAJEED; MOHAMED;
SOELAIMAN, 2015; JIA et al., 2021; PARVANEH et al., 2015; SAPRA et al., 2022).
B. longum supplementation demonstrated a beneficial effect on trabecular
microstructure and BV/TV, the main determinants of bone fracture and bone strength,
and that have a positive relationship with bone loss (LEGRAND et al., 2000).
Furthermore, supplementation decreased Th.Sp and total porosity of the femur and, in
parallel, increased BV/TV and led to an improvement in femoral BMD. Thus, Th.Sp as
well as BV/TV are some of the risk predictors of bone fracture and osteoporosis, which
were beneficially modulated by B. longum supplementation. Similar results regarding
changes in trabecular microstructure due to probiotic consumption have also been
reported by other studies (SHIM et al., 2013).

Meta-analyses of serum calcium and phosphorus values revealed no difference
between the treated and control groups and unlimited oral intake of these minerals met
the animals' basal nutritional needs. Although the ingestion of probiotic microorganisms
has a beneficial effect, due to the concentrations having a wide range of serum values,
the results did not show a significant effect, which was also observed in humans (KEMI,
KARKKAINEN; LAMBERG-ALLARDT, 2006).

Assessment of bias

In this systematic review with meta-analysis, after a rigorous selection process,
studies were included because they presented rigorous methodology and were well
described. Randomization was considered an important methodological requirement,
however, studies that did not mention the sequence of randomization and allocation
concealment were included when we understood that the animals used in the
experiments presented homogeneity in weight, sex, stabilization time after OVX, and
route of administration of the supplement. The consequence of this consideration was
the possibility of including conflicting results, which in our opinion increases the level

of evidence of the result. Heterogeneous results between studies may be due to several
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factors, including differences in the duration of treatment, method of administration of
Bifidobacterium, and age of the animals at the beginning of the experimental period
(LEGETTE et al., 2012).

CONCLUSION

The results of this study allow us to conclude that oral supplementation of
bacteria of the genus Bifidobacterium improves bone mineral density and bone mineral
content of the femur in ovariectomized rats, in a preclinical model. Furthermore, the
results revealed significant beneficial effects on the bone volume fraction of the
trabecular portion of the femur and trabecular spacing of the femur and a beneficial
effect on the trabecular spacing of the femur. However, due to the low evidence found,
the current meta-analysis suggests that further studies are necessary, using probiotic
bacteria from this genus of bacteria, in order to increase the level of evidence, enabling
these probiotics to be used as a complementary therapy to conventional treatments, or

even as a new therapeutic approach for postmenopausal osteoporosis in women.
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