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Aim. Probiotics are considered to be bone metabolism regulators, and their efficacy as an adjuvant treatment option for os-
teoporosis is still controversial. The purpose of this study is to compare the available data from randomized controlled trials (RCT)
of probiotics in the treatment of osteoporosis and osteopenia. Methods. As of June 2021, databases such as Medline, Embase, Web
of Science, and Central Cochrane Library have been used for English-language literature searches and CNKI and China Bio-
medical Database have been used for Chinese-language literature searches. RevMan 5.3 was used for bias risk assessment,
heterogeneity detection, and meta-analysis. This research has been registered in PROSPERO (CRD42020085934). Results. This
systematic review and meta-analysis included 10 RCTs involving 1156. Compared with the placebo, the absolute value of lumbar
spine’s BMD was not statistically significant (WMD 0.04 (=0.00, 0.09), P = 0.07, random effect model), while the percentage of
lumbar spine’s BMD was higher (SMD 1.16 (0.21, 2.12), P = 0.02, random effect model). Compared with the control group, the
percentage of total hip’s BMD was not statistically significant (SMD 0.52 (<0.69, 1.73), P = 0.40, random effect model). The safety
analysis showed that, compared with control group, the adverse events in the experimental group were not statistically significant
(RR 1.02 (0.92, 1.12), P = 0.70, fixed effect model). Conclusion. Probiotics may be safety supplements to improve the lumbar
spine’s BMD of patients with osteoporosis and osteopenia. More large-sample, random-controlled, high-quality RCTs are needed
to further verify the effectiveness and safety of probiotics in intervening osteoporosis or osteopenia.

1. Introduction

Osteoporosis is one of the diseases most closely related to the
aging of the social population. It is a common bone disease
characterized by bone loss and bone tissue structural deg-
radation [1]. Osteoporotic bone loss usually has no obvious
clinical manifestations in the early stage of the disease.
However, as the disease progresses and bone mass is con-
tinuously lost, the bone microstructure will become more
severely destroyed, and patients will have a series of clinical
manifestations. For example, patients with osteoporosis can

have bone pain, which can occur in the bones of the whole
body, or only low back pain; when osteoporosis develops to a
serious degree, hunchback and compression fractures can
occur. The most serious complication of osteoporosis is
osteoporotic fractures, and if such fractures have occurred,
the risk of refractures increases significantly [2, 3]. The main
cause of osteoporosis is that bone resorption dominated by
osteoclasts is greater than bone formation dominated by
osteoblasts; that is, bone remodeling has a negative balance
[4, 5]. Osteoporosis is currently mainly divided into sec-
ondary osteoporosis and primary osteoporosis [6, 7]. The
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etiology of secondary osteoporosis is relatively clear, mainly
endocrine factors, nutritional factors, disuse factors, genetic
factors, immune factors, drug factors, etc. [6]. The onset of
primary osteoporosis is related to heredity, aging, hormone
levels, immunity, environmental factors, and nutritional
status [7, 8]. According to the pathogenesis of osteoporosis,
the current treatment needs to be combined with lifestyle
adjustment, bone health supplement addition, drug inter-
vention, and rehabilitation [9-11].

Recent studies have found that the intestinal flora is
related to the loss of bone mass and the incidence of os-
teoporosis in the human body. These microorganisms may
change the relative activity of osteoclasts and osteoblasts
through their own metabolites, affect host metabolism and
immune system, and thus affect bone metabolism. Probiotics
are currently proven to have an effect on bone metabolism
[12-14]. Many studies have also shown that probiotics have
health-promoting effects in preventing and curing diseases.
For example, probiotics can prevent or treat acute, antibi-
otic-related and  Clostridium-difficile-related ~ diarrhea
[15, 16], improve inflammatory bowel disease and irritable
bowel syndrome (IBS) [17, 18], reduce the risk of late-onset
sepsis and necrotizing enterocolitis in newborns [19, 20],
and have neuroprotective effects on neurodegenerative
diseases (such as Parkinson’s) [21, 22]. The same research on
the treatment of osteoporosis with probiotics shows that
supplementing with probiotics can prevent osteoporosis and
bone loss [23, 24]. A number of clinical studies have shown
that probiotics can improve the bone condition of patients
with osteopenia. However, there is no systematic evaluation
and summary of these clinical trials, which makes the evi-
dence scattered and inconsistent, unable to provide new
evidence for the clinic and provide new reference value for
the next clinical trial design [25-35]. Therefore, this study
would conduct a systematic review and meta-analysis to
assess the effectiveness and safety of probiotics on post-
menopausal women with osteoporosis or osteopenia for the
first time, in order to provide new clinical reference in-
formation in the future.

2. Materials and Methods

2.1. Protocol. The systematic review and meta-analysis were
conducted strictly in accordance with the protocol registered
in PROSPERO (CRD42020085934) and PRISMA-guidelines
(Supplementary Materials).

2.2. Selection Criteria. (1) Participants are patients who have
osteoporosis or osteopenia or may suffer from osteopenia.
(2) Intervention: the intervention of the experimental group
is probiotics with various preparations and dosages. The
intervention of the control group is a placebo or other
nonprobiotic intervention methods. (3) Outcomes: primary
outcomes are bone mineral density (BMD), adverse events;
secondary outcomes are I collagen carboxy terminal peptide
(CTX), osteoprotegerin (OPG), Receptor Activator of Nu-
clear Factor-« B Ligand (RANKL), and Osteocalcin (OC). (4)
Study design is RCTs. (5) Exclusion criteria are Non-RCT.
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2.3. Literature Search Strategy. Web of Science, MEDLINE
Complete, VIP Database for Chinese Technical Periodicals,
Wanfang Database on Academic Institutions in China,
PubMed, China Biology Medicine (CBM), and China Na-
tional Knowledge Infrastructure (CNKI) were utilized for
literature search with the retrieval time up to June 2021. The
search strategy of PubMed and Embase is shown in Table S1
as an example.

2.4. Literature Screening. The two reviewers read indepen-
dently, preliminary screening based on the title and abstract
of the article, and read the full text if it is an RCT. The RCTs
that meet the standards will be classified and evaluated and
cross-checked by the two reviewers. When opinions differ,
they will be discussed with all reviewers to decide whether to
include the article.

2.5. Data Extraction and Risk of Bias Assessment.
According to the selection criteria, data are extracted from
RCTS’ countries, sample size, intervention measures, base-
line data, and research duration. Two evaluators indepen-
dently perform data extraction, entry, and cross-check after
completion to ensure data accuracy. The risk of bias of RCTs
was assessed according to Cochrane Handbook for Sys-
tematic Reviews of Interventions [36]. The content of the
evaluation includes random sequence generation, allocation
concealments, blinding, incomplete outcomes, selective
reporting, and other biases.

2.6. Statistical Analysis. Data analysis was performed using
RevMan 5.3 statistical software provided by the Cochrane
Collaboration. The measurement data use mean difference
(MD) as the effect size, and the effect size is expressed in a
95% confidence interval (CI). The enumeration data are
expressed by Risk Ratio (RR) and 95% CIL. The y2 test is used
to evaluate the heterogeneity of the RCTs. When P >0.05 or I
2<50%, the fixed effects model is used for analysis; oth-
erwise, the source of heterogeneity is analyzed first, and the
random effects model is used when the source of hetero-
geneity cannot be eliminated.

3. Results

3.1. Results of the Search. The total records identified through
database searching and other sources were 439. According to
the search strategy, a total of 13 articles were obtained
through preliminary search. By eliminating duplicate doc-
uments, carefully reading the title and abstract, a total of 426
articles were excluded. After carefully reading the full text
and comparing the selection criteria, 11 records (10 RCTs)
were screened out and finally included [25-35] (Figure 1).
Among the excluded research, the study by Zhang et al. did
not use randomization [37].

3.2. Description of Included Trials. The 10 RCTs are all from
different countries, and the research scale is about 40-100
participants. The intervention measures of the 10 RCTs are
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Figure 1: Flow diagram.

all probiotics, but the sources of probiotics are different. The
details of study characteristics are presented in Table 1.

3.3. Risk of Bias of Included Studies. The summary and graph
of risk of bias are shown in Figure 2.

3.3.1. Sequence Generation and Allocation Concealment.
Three RCTs describe their random sequence generation
method: Lambert et al. and Jafarnejad et al. [26] and Jansson
et al. [30] used computer-generated random numbers;
Derwa et al. [18, 19] used a website (http://www.
randomization.com) to generate random sequences. Li
et al. [31], Wang et al. [32], and Guo et al. [33] used the
random number table method to generate random numbers.
Therefore, these RCTs were assessed as low risk of bias.
Takimoto et al. [27], Liu [34], and Song et al. [35] did not
describe the method of random sequence generation, so its
risk of bias was assessed as unclear.

Lambert et al. [25], Jansson et al. [30], and Guo et al. [33]
used tablets with the same taste and appearance and

packaged them in identical, sealed, white cardboard boxes.
The random sequence of Jafarnejad et al. [26] was generated
by computer, and the researchers who recruited the subjects
could not predict the distribution. The researchers and
patients of Takimoto et al. [27] were not aware of the dis-
tribution during the study period. The experimental group
and control group of Nilsson et al. [28, 29] used the same
outer packaging. Therefore, those RCTs were considered to
have implemented allocation concealment and were assessed
as low risk of bias. Li et al. [31], Wang et al. [32], Liu [34], and
Song et al. [35] did not mention allocation concealment, and
the risk of bias was not clear.

3.3.2. Blinding, Incomplete Outcome Data, and Selective
Reporting. Five RCTs [25-30] describe the process of blind
implementation to patients and researchers and are there-
fore considered to be a low risk of bias. Five RCTs [31-35]
did not mention whether to use blinding, but their outcomes
are objective indicators and would not be affected by not
using blinding, so they are assessed as low-risk bias.


http://www.randomization.com
http://www.randomization.com

Evidence-Based Complementary and Alternative Medicine

Adexoy
sypuowr o o o o Aderay onuwmwcou + P s1s010d023s0 eut [z€] Tew
z IWS+89IL O9FS+TSIL anNdgd [EUOnULAUOY 078 SL SL aqtuag o Suepm
: sonsdes e119)0eq 9AI :
51dun wniaioeqopyIg
PO NI0S
PO UTUOJID[ED UOWES JO
SJUIAD NI0S UIUOIO[Ed  UONIS(UI JR[NOSNIEIIUT
9SIOAPE  UOUWIES JO UOT)OR(UI IO SNOdULINIGNS + PO UIWOM
sypuowt T co o T Te- R N ‘ [1€] e
9 OVLTSSTT 9€8FIC9T LV ICTT869 9€TTFSISY DO Te[NOSNWIRIIUL 10 8w 1 wnrpos €L €L oruadoayso dutiie) .
XID  snoauenoqns +pQ  2eUOIPUIE [BIO + PI], [esnedousunsoq "1
‘aAnd Suwr g1 wnrpos 360 s191qe3 er1o3oRq
9)eUOIPUI[R [BIO 3[qera a[dnipenb
WNLI2)oeqopLyIg
((€1€ST WSA)
61 T8 winuvjuvid 1
SIUIAD ue ¢ UIWOM
spuow | i i e ' pue (ZIsT NSA) [0g] Te %
- 9TF6E€T  LTFTHT CTFFI8S ECFT'6S ENEIN 0qa2®[d 6 [edY winuvguvid T ¢l 9z1  [esnedousunsod  uspomg wossue(
‘and (PEPET INSA) T: 0048 Apreoy
105v9v4vd “T) SureI)s
SN[[I08qO}O.] 22IYT,
SIUIAD 1opmod UIPIMS “WOYND0 Asuap ¢
syiuowr R R R R ! (1op m pons WD [eIaUTUI SU0q FN. 2]
P €e+eae §eE+9'9C I'T+¢9. 0'T+¥9L 9SIoApe urLnxapoj[eur) qVv erenorq) /9 i Sy MO] (M USWOM Usapams e 3
ang 0qaoeq 1491124 T PILIP-9ZdL] jesnedoustsod UOSS[IN
syjuowr Syene (201€-D) 20TE-D syHqns omom [£2] Te 0
0 LTI CCFTTL ST LS Y FCS /S o.ﬁusz 0qgaoe[q smpovg uuoE&m 0 1€ [esnedouaunsod uede( ojowmyer,
ang Aqreoy
sypuou mVO MMM (spnsdeo UaWoM [og] Te 1
1 9 80T C8E€T THOTFISHT TLOT6TLS 890TS8SS NM o 0gae[q PeTRn) Juswalddns 12 07 oruadoayso uel] %E_« o
. snjorqoxd saadsnniy [esnedouaunsog PotIE
and
SIUIAD
ss1aape [(rjae)]) ([owered
) pajeruowrure) (sonorqoid pue
00 USWoM
Spom I180FS99C TO0F¥8¥C 660FS8T9 LOTF¥809 “DINVI Buio[o> pooy sou0oA[se auoaeyosy 0% 8¢ oruadoajso rewto g [s2] o 10
4t D0 Moq 3067 Pm ur ) (40¥) Esw dousunsog Jque]
X1 POXIW I93eM JO T 06 JOBIIXD J9AOD PAY
£Aq apewr] ogaoe
g ‘a°pew] ogeld
dno1s dnoi8 rer, B dnoiS [elrr,  sswoomo dnoid jonuo) dnoi$ teury, dnoi3  dnois
[onuo) [oxyuo) JaeAD [onuo)  Tey, juedonieq Anunon) Apmig
uonjen( NG (s1eak) oSe uean e UOTUIAINU] az1s ojdureg

"SATPNIS PIPN[IUT A} JO SONSLID)IRIRYD YT, ] ATAV],



Evidence-Based Complementary and Alternative Medicine

Adeioyy
. [BUOTJUSATOD + S}3[qe}
syjuowr . o o D0 XID Adexoy s1so10doajso [s€]
6€TCF069C SSTFITCST 60CI+9L69 8LTI+0T89 . eLIIOBq 00T 00T eurgy
41 aAnNg [BUOT}U2ATOD) SAI[ WNLI21LOPYIq on2qeI(] Ie 30 Suog
srdnipend)
Aderoty
sypuow o o o . 20 Aderayy [euOT}U2ATO) + sansded stsox0doajso
9 V9+869 89+50L ‘ANg [eUONIUAUOD) P2180D-OLI)UD J[qRIA ¥ (44 oneqer Puro (el T
odin winizayoeqopg
syjuowr D0 XID BLI)ORQ PO towon
" 9 6T'CFI8ET EVEFOSEC TLGFPE9  LEIFI6TY ,QEM 0Qa3®[d S1yoe .wE-oﬁ“, w..& L1q ¥T 0¢ o1uadoa)so 'BUIYD [e€] onD
BTl 9 [esnedousurjsoq
dno13 dnoi8 rer, dno3 dnoid [eur,  sswoomo dnoid jonuo) dnoi8 teury, dnoi3  dnozs
[onuo) [onyuo) . [onuo)  [ely, juedonieq Anunon) Apmig
uoneIn( N (s1eak) oSe uean °d UOTUIAINU] az1s ajdureg

‘ponunuo) 1 AIdV],



Evidence-Based Complementary and Alternative Medicine

Random sequence generation (selection bias) _:|

Allocation concealment (selection bias) _:I

Blinding of participants and personnel (performance bias) _
Blinding of outcome assessment (detection bias) _
Incomplete outcome data (attrition bias) _

Selective reporting (reporting bias) _

0 25 50 75 100
(%)

B Yes (low risk)
[] Unclear
B No (high risk)

Takimoto et al., 2018

Song et al., 2020

Liu, 2019

. Wang et al., 2019

¢

¢

¢

@ | Lictal, 2021

¢

¢

¢

¢

. ‘ ‘ . . . ‘ Nilsson et al., 2018
© OO O O O ramberteral,2017
. ‘ ‘ . . . ’ Jansson et al., 2019
. . . . . . ‘ Jafarnejad et al., 2017
. . . . . . . Guo et al., 2020

Random sequence generation (selection bias)

Allocation concealment (selection bias)

Blinding of participants and personnel (performance bias)
Blinding of outcome assessment (detection bias)
Incomplete outcome data (attrition bias)

Selective reporting (reporting bias)

Other biases

(®)

FIGURE 2: Risk of bias assessment. (a) Risk of bias graph; (b) risk of bias summary.

Although the 10 RCTs [25-35] have missing data, the
reasons for the missing and the number are balanced or
utilized intention-to-treat analysis, so they are considered
low risk of bias in “incomplete outcomes.” All RCTs do not
have selective reporting and are therefore considered to be a
low risk of bias.

3.3.3. Other Potential Bias. Other sources of bias were not
observed in 10 RCTs; therefore, the risks of other bias of the
RCTs were low.

3.4. Primary Outcomes

3.4.1. BMD. Seven RCTs reported the absolute value of
BMD, and 3 RCTs reported the percentage of BMD
improvement:

(1) The absolute value of lumbar spine’s BMD: the
heterogeneity test results showed 12=53% and P =
0.10 (in postmenopausal woman), suggesting that

the heterogeneity is medium, and the random effects
model is used. In postmenopausal woman subgroup,
the improvement of BMD in the experimental group
was not statistically significant compared with the
control group (WMD 0.01 (-0.03, 0.06), P = 0.48,
random effect model). In senile osteoporosis, the
improvement of BMD in the experimental group was
higher (WMD 0.13 (0.06, 0.20), P = 0.0003, random
effect model). In diabetic osteoporosis, the im-
provement of BMD in the experimental group was
not statistically significant compared with the con-
trol group (WMD 0.06 (0.00, 0.11), P = 0.05, random
effect model) (Figure 3). The summary results also
showed that the improvement of BMD in the ex-
perimental group was not statistically significant
compared with the control group (WMD 0.04
(-=0.00, 0.09), P = 0.07, random effect model).

(2) The percentage of lumbar spine’s BMD improve-
ment: since the data unit of this indicator is not
uniform, standardized MD (SMD) is used for
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Experimental Control Weight Mean difference

Study or subgroup

Mean difference

Risk of bias

Mean SD Total Mean SD Total (%) 1V, random, 95% CI 1V, random, 95% CI ABCDEFG
1.1.1. Postmenopausal woman
Lambert et al., 2017 0852 013 38 0838 035 40 9.1 0.01 [~0.10, 0.13] — 0000000
Jafarnejad etal, 2017 092 007 20 0914 007 21 201  0.01[-0.04,0.05] - 0000000
Lietal, 2021 093 013 73 095 013 73 202  -0.02[-0.06,0.02] —af 0200000
Guo et al., 2020 097 013 30 09 008 24 176 0.07 [0.01,0.13] — 0000000
Subtotal (95% CI) 161 158 67.1 0.01 [-0.03, 0.06] >
Heterogeneity: tau® = 0.00; chi® = 6.32, df = 3 (P = 0.10); I =53%
Test for overall effect: Z=0.71 (P = 0.48)
1.1.2. Senile osteoporosis
Wang et al., 2019 118 025 75 105 0.8 75 153 0.13 [0.06, 0.20] — 0200000
Subtotal (95% CI) 75 75 153 0.13 [0.06, 0.20] -
Heterogeneity: not applicable
Test for overall effect: Z = 3.65 (P = 0.0003)
1.1.3. Diabetic osteoporosis
Liu, 2019 0.899 0.154 42 0.841 0.112 45 17.6 0.06 [0.00, 0.11] - 2000000
Subtotal (95% CI) 42 45 17.6 0.06 [0.00, 0.11] <>
Heterogeneity: not applicable
Test for overall effect: Z = 2.00 (P = 0.05)
Total (95% CI) 278 278 1000 0.04[-0.00, 0.09] P
Heterogeneity: tau® = 0.00; chi® = 17.44, df = 5 (P = 0.004); I =71%

Test for overall effect: Z = 1.82 (P = 0.07)

Test for subgroup differences: chi® = 8.04, df=2(P=0.02), P =751%
Risk of bias legend

(A) Random sequence generation (selection bias)

(B) Allocation concealment (selection bias)

(C) Blinding of participants and personnel (performance bias)

(D) Blinding of outcome assessment (detection bias)

(E) Incomplete outcome data (attrition bias)

(F) Selective reporting (reporting bias)

(G) Other biases

-02-01 0 0.1 0.2
Favours (control) Favours (experimental)

FIGURE 3: The absolute value of lumbar spine’s BMD.

analysis. The heterogeneity test results showed
[2=94% and P <0.00001, suggesting that the het-
erogeneity is high, and the random effects model was
used. The summary results showed that, compared
with the control group, the improvement of BMD in
the experimental group was higher (SMD 1.16 (0.21,
2.12), P = 0.02, random effect model) (Figure 4).

(3) The percentage of total hip’s BMD improvement:
since the data unit of this indicator is not uniform,
standardized MD (SMD) is used for analysis. The
heterogeneity test results showed I12=96% and
P <0.00001, suggesting that the heterogeneity is
high, and the random effects model is used. The
summary results showed that, compared with the
control group, the improvement of BMD in the
experimental group was of no statistical significance
(SMD 0.52 (-0.69, 1.73), P = 0.40, random effect
model) (Figure 5).

(4) Jafarnejad et al. [26] reported the absolute value of
forearm BMD; they found that the improvement of
total hip’s BMD in the experimental group was not
statistically significant compared with the control
group (P = 0.725). Lambert et al. [25] reported the
absolute value of femoral neck and trochanter’s
BMD; they found that compared with control group,
the improvement of BMD in the experimental group
was higher (femoral neck: P =0.0059; trochanter:
P =0.03). Song et al. [35] reported the absolute value
of total hip’s BMD. It showed that, compared with

the control group, the BMD of both forearms im-
proved significantly (P <0.05).

3.5. Secondary Outcomes

3.5.1. CTX. Five RCTs reported CTX. The heterogeneity test
results showed 12 =92% and P < 0.00001, suggesting that the
heterogeneity is high, and the random effects model is used.
The summary results showed that, compared with the
control group, the CTX in the experimental group was lower
(SMD -0.83 (-1.50, —0.16), P = 0.02, random effect model)
(Figure 6).

3.5.2. OPG and RANKL. Two RCTs reported OPG and
RANKL. (1) OPG: the heterogeneity test results showed
[2=82% and P = 0.02, suggesting that the heterogeneity is
high, and the random effects model is used. The summary
results showed that the improvement of OPG in the ex-
perimental group was not statistically significant compared
with the control group (WMD -0.10 (-1.00, 0.79), P = 0.82,
random effect model) (Figure 7). (2) RANKL: the hetero-
geneity test results showed 12=86% and P = 0.007, sug-
gesting that the heterogeneity is high, and the random effects
model is used. The summary results showed that the im-
provement of RANKL in the experimental group was not
statistically significant compared with the control group
(SMD -0.25 (-0.72, 0.22), P = 0.29, random effect model)
(Figure 8).
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Study or suberou Experimental Control Weight ~ Std. mean difference Std. mean difference Risk of bias
Y 8P Mean SD Total Mean SD Total (%) IV, random,95% CI IV, random, 95% CI ABCDEFG
Takimoto etal, 2018  0.18 0.5 31 -0.68 035 30 313 1.96 [1.34, 2.58] —-—
Nilsson et al., 2018 078 439 45 008 3.68 45 338 0.17 [-0.24, 0.59]
Janssonetal, 2019 -0.01 0.5 116 -0.72 051 118 349 1.40 [1.11, 1.69] -
Total (95% CI) 192 193 100.0 1.16 [0.21, 2.12] -
Heterogeneity: tau® = 0.66; chi® = 31.00, df = 2 (P < 0.00001); I* = 94% P A . ? T

Test for overall effect: Z = 2.38 (P = 0.02)

Risk of bias legend

(A) Random sequence generation (selection bias)
(B) Allocation concealment (selection bias)
(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection bias)

(E) Incomplete outcome data (attrition bias)

(F) Selective reporting (reporting bias)

(G) Other biases

Favours (control) Favours (experimental)

FIGURE 4: The percentage of lumbar spine’s BMD improvement.

Study or subarou Experimental Control Weight ~ Std. mean difference Std. mean difference Risk of bias

Y group Mean SD Total Mean SD Total (%) 1V, random, 95% CI 1V, random, 95% CI ABCDETFG
Takimoto etal, 2018 ~ 0.18 0.5 31 -0.68 035 30 320 1.96 [1.34, 2.58] - 7000000
Nilsson et al., 2018 0.78 439 45 0.08 3.68 45 33.6 0.17 [-0.24, 0.59]
Jansson et al., 2019 -1.18 0.37 116 -1 0.38 118 344 -0.48 [-0.74, -0.22] ||
Total (95% CI) 192 193 100.0 0.52 [-0.69, 1.73]

Heterogeneity: tau® = 1.08; chi® = 52.27, df = 2 (P < 0.00001); I* = 96%
Test for overall effect: Z = 0.85 (P = 0.40)

Risk of bias legend

(A) Random sequence generation (selection bias)
(B) Allocation concealment (selection bias)
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(D) Blinding of outcome assessment (detection bias)

(E) Incomplete outcome date (attrition bias)

(F) Selective reporting (reporting bias)

(G) Other biases
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FIGURE 5: The percentage of total hip’s BMD improvement.
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F1GURE 6: The results of CTX.

3.5.3. OC. Six RCTs reported OC. The heterogeneity test
results showed that (1) in postmenopausal women subgroup:
12=79% and P =0.003; (2) in diabetic osteoporosis sub-
group, 12=91% and P = 0.0008, suggesting that the het-
erogeneity is high, and the random effects model is used. In
postmenopausal women subgroup, the improvement of OC

in the experimental group was not statistically significant
compared with the control group (SMD 0.33 (-0.18, 0.85),
P =0.21, random effect model). In diabetic osteoporosis
subgroup, the OC in the experimental group was lower
(SMD -1.06 (-1.96, —=0.17), P = 0.02, random effect model).
The summary results showed that the improvement of OC in
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Figure 7: The results of OPG.
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FiGgure 8: The results of RANKL.

the experimental group was not statistically significant
compared with the control group (SMD —0.12 (-0.85, 0.61),
P =0.75, random effect model) (Figure 9).

3.6. Adverse Events. Five RCTs reported the adverse events.
The heterogeneity test results showed 12=0% and P = 0.44,
suggesting that the heterogeneity is low, and the fix effects
model is used. The summary results showed that the adverse
events in the experimental group were not statistically
significant compared with the control group (RR 1.02 (0.92,
1.12), P = 0.70, fixed effect model) (Figure 10).

4., Discussion

In this paper, the clinical studies of probiotics intervention
for osteopenia mostly use radiographical indicators (BMD)
and biochemical indicators (CTX, OPG, RANKL, OC),
which are more objective. Therefore, the efficacy criteria can
be considered reliable. The 10 studies included in this study
are all RCTs of different preparations of probiotics that
interfere with osteoporosis or osteopenia. The results of the
meta-analysis showed that, compared with the control
group, the difference in some of the primary outcomes was
statistically significant, suggesting that probiotics have a
certain effect on antiosteoporosis. The specific results are (1)

in postmenopausal woman, compared with control group;
the improvement of absolute value of lumbar spine’s BMD
was of no statistical significance, but that of the percentage of
lumbar spine’s BMD was higher. In senile osteoporosis, the
improvement of absolute value of lumbar spine’s BMD in
experimental group was higher, while in diabetic osteopo-
rosis, that was of no statistical significance. (2) Compared
with control group, the improvement of absolute value and
percentage of total hip’s BMD was of no significance in
postmenopausal woman. (3) The CTX level in the experi-
mental group was lower. In postmenopausal women sub-
group, the improvement of OC in the experimental group
was not statistically significant; however, in diabetic oste-
oporosis subgroup, the OC in the experimental group was
lower. This suggest that probiotics have bone protection. (4)
Compared with control group, there was no statistical dif-
ference in the changes of OPG, RANKL in the experimental
group. (5) The incidence of adverse events in the experi-
mental group was not statistically different from that in the
control group, suggesting that the use of probiotics would
not increase the incidence of adverse events.

In terms of improving lumbar spine BMD in post-
menopausal woman, the improvement of its absolute value
is different from that of its percentage, and the heterogeneity
between RCTs is medium. Since those RCTs are from dif-
ferent countries, we suspect that the main reason for this
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Ficure 9: The results of OC.
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FiGure 10: Adverse events.

result may be related to the different reactions of different
nationalities to probiotics. This study also showed that, in
postmenopausal woman, probiotics have an improvement
effect on lumbar spine BMD, but the improvement effect on
total hip BMD is not obvious. This suggests that probiotics
have different effects on the bones of different parts of
postmenopausal women. However, further long-term
studies are needed to explore the obvious bone site-specific
effects of probiotic treatment on postmenopausal women.
The RCT on diabetic osteoporosis also showed that pro-
biotics can improve the BMD of the forearm, but the im-
provement of the lumbar spine BMD is not obvious.
However, because diabetic osteoporosis involves only 1-2
RCTs, more relevant RCTs are needed to further verify or

modify the conclusion. In addition, although these RCTs
utilized probiotics, the bacterial species used in each study
are different, so this difference may also be related to the
different bacterial species. Among the biochemical indica-
tors OPG, RANKL, and OC, the heterogeneity between
RCTs is relatively large, which may be related to individual
differences. However, due to the fact that there are fewer
RCTs including probiotics to interfere with osteoporosis and
osteopenia and the control group is placebo, more RCTs
with large samples, uniform probiotic preparation, and
different control drugs are needed to verify the improvement
effect of probiotics on osteoporosis or bone loss. In the
incidence of adverse events, there was no statistical differ-
ence between the probiotic group and the control group.
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Limited to the number of included RCTs, there is no enough
evidence to verify the incidence of adverse events in treat-
ment of probiotics and whether probiotics combined with
antiosteoporosis drugs can reduce the incidence of adverse
events. The occurrence of adverse events is often related to
drugs and treatment methods. Because most patients with
osteoporosis and osteopenia are elderly patients, they often
have other medical conditions. Therefore, while applying
probiotics to treat osteoporosis, in addition to choosing the
right treatment, it is also necessary to take preventive
measures against possible adverse events.

Osteoporosis is an epidemic metabolic bone disease
characterized by bone loss and structural destruction [38],
which easily leads to fractures and disability. It is affected by
a variety of genetic factors and environmental factors, such
as genetics, diet, hygiene, and the use of antibiotics. With the
aging of the population becoming more and more serious,
there are more than 200 million people in the world suffering
from osteoporosis, and its incidence has jumped to the sixth
place among common and frequently-occurring diseases,
becoming a global public health problem [39]. Among the
population with osteoporosis, postmenopausal women are
the majority. The lack of estrogen in postmenopausal women
increases their risk of osteoporosis. Postmenopausal oste-
oporosis not only has a high incidence, but also has serious
complications. It has always been the focus of prevention
and treatment [40].

Current studies have found that the intestinal flora is
related to the loss of bone mass and the incidence of os-
teoporosis in the human body. These microorganisms may
change the relative activity of osteoclasts and osteoblasts
through their own metabolites, affecting host metabolism
and immune system, thereby affecting bone metabolism
[41]. Used in an appropriate amount, probiotics have been
shown to change and synthesize the metabolites of the in-
testinal flora [41] and regulate the immune response in the
host [42, 43]. Importantly, probiotics can enhance the ep-
ithelial barrier function. These effects explain the beneficial
effects of probiotics [44, 45]. Among them, Lactobacillus
acidophilus is a kind of Lactobacillus. After fermentation in
the intestine, it can produce lactic acid, butyric acid, and
acetic acid, which can improve the utilization of calcium,
phosphorus, and iron and promote the absorption of iron
and vitamin D [46]. Another widely studied probiotic is
Lactobacillus rhamnosus (LGG), which also belongs to the
genus Lactobacillus, a third-generation probiotic. Current
research reports show that Lactobacillus rhamnosus can
prevent bone loss induced by ovariectomy, reduce intestinal
permeability, and improve intestinal and systemic inflam-
mation [47].

In addition, the intestinal flora is considered a virtual
“endocrine organ” because it affects host hormone levels.
And because some bacteria can produce and secrete hor-
mones, including serotonin and dopamine, and sex hor-
mones, they may regulate bone remodeling by affecting
hormone levels [48]. In particular, for the treatment of
postmenopausal osteoporosis, intestinal flora, especially
intestinal probiotics, has been proven to be a potential
therapeutic strategy [49]. Among them, Lactobacillus
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rhamnosus can stimulate bone formation by increasing
estrogen [50]. The study found that prebiotics can increase
the number of probiotics such as lactobacilli and butyric acid
bacteria to promote the secretion of more short-chain fatty
acids, thereby reducing the intestinal PH value and in-
creasing the solubility of calcium in the intestinal lumen,
thus increasing the bone mineral content and bone mineral
density of young people [51]. Prebiotics are indigestible and
fermentable food ingredients that not only promote the
growth of intestinal probiotics, but also promote the pro-
duction of probiotic metabolites [52], and a variety of
substrates that can be metabolized by bacteria besides sugars
[53]. Many studies have proven that prebiotics enhance
human calcium absorption [54].

Compared with previous systematic review and meta-
analysis [55], this study is the newest systematic review and
meta-analysis strictly based on the PRISMA guidelines with
preregistered plans. This study also covers a wider pop-
ulation (postmenopausal women, senile osteoporosis, and
diabetic osteoporosis) than previous reviews. Meanwhile,
this study included 7 RCTs about postmenopausal women
involving 719 participants; the applicable population of the
conclusion has also been extended to the East Asian pop-
ulation. This study also found that in the same population,
probiotics can improve the BMD of different body parts
differently. For different groups of people, the improvement
of BMD of the same body part by probiotics is also different.
These may inspire future research. The advantage of this
study is that this is the first systematic review and meta-
analysis of RCTs in which probiotics interfere with osteo-
porosis or osteopenia. The disadvantage is that the results
may be affected due to the lack of included RCTs: (1) because
different studies use different probiotics as clinical inter-
ventions, they may be interest related, and this inconsistency
may certainly affect the strength of the argument. (2) Al-
though RCTs come from different countries, they are all
single-center, small-sample clinical trials.

5. Conclusion

Probiotics may improve BMD and reduce CTX and OC, but
there is no difference in improving OPG and RANKL. This
may be due to the small number of included RCTs and the
influence of many factors, and further research is needed.
The incidence of adverse events in the probiotic group is
comparable to that in the control group and can be con-
sidered a safe intervention. In future research, we should pay
attention to the standardization of clinical research evi-
dence-based medicine methodology and optimize clinical
treatment plans. In the future, more large-sample, random-
controlled, high-quality RCTs are needed to further verify
the effectiveness and safety of probiotics in intervening
osteoporosis or osteopenia.
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