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Despite the proposed role of the gut microbiota-bone axis, findings on the association between probiotic consumption and bone
health are conflicting. This systematic review aimed to assess the effect of probiotic consumption on bone health parameters. A
systematic literature search of relevant reports published in PubMed/Medline, Web of Science, SCOPUS, EMBASE, and Google
scholar before December 2020 was conducted. All clinical trials or experimental studies, which examined the relationship between
probiotic consumption and bone health parameters, were included. No limitation was applied during the search. After screening
articles based on inclusion criteria, 44 studies remained. In clinical trials, probiotic consumption affects bone health parameters
such as serum calcium levels (3.82; 95% CI: 1.05, 6.59 mmol/l), urinary calcium levels (4.85; 95% CI: 1.16, 8.53 mmol/l), and
parathyroid hormone (PTH) levels (=5.53; 95% CI: —9.83, —0.86 ng/1). In most studies, Lactobacillus species such as L. helveticus,
L. reuteri, and L. casei were consumed and women aged 50 years or older were assessed. Spinal and total hip bone mineral density
(BMD) was not affected significantly by probiotic consumption. In 37 animal experiments, probiotic or symbiotic feeding mostly
had effects on bone health parameters. Some strains of Bifidobacterium and Lactobacillus including L. reuteri, L. casei, L. paracasei,
L. bulgaricus, and L. acidophilus have indicated beneficial effects on bone health parameters. In conclusion, this systematic review
and meta-analysis indicate that probiotic supplementation might improve bone health. Further studies are needed to decide on
the best probiotic species and appropriate dosages.

1. Introduction value is an indicator of osteoporosis or fracture and one of

the major public health problems [2]. Significant disability,
Bone health is critically important to the overall health and  increased dependency, reduced quality of life, and increased
quality of life and depends on the balance of bone resorption  economic burden to the health care system are the most
and bone formation [1]. Low bone mineral density (BMD) consequences of reduced BMD [3-5]. BMD is affected by
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various factors, including gender, age, family history, frac-
ture history, alcohol consumption, tobacco smoking, taking
some medicines, bone diseases, and lack of physical activity
[6-11]. Moreover, previous studies indicated that hormone
status, immune cells, and the gastrointestinal system can also
regulate bone balances and health [12]. The gastrointestinal
tract has a key role in the absorption of calcium, phos-
phorous, and magnesium as contributors to bone miner-
alization and produces endocrine factors that signal to bone
cells, such as Incretin and serotonin. Furthermore, the gut
microbiota has been proposed as a regulator of bone health
[13].

The human gut microbiota comprises over 1000 dis-
tinct microbial species [14]. According to Codex Ali-
mentarius, probiotics are live microorganisms that
provide health benefits, generally by improving or re-
storing the gut microbial flora [15]. Although, they are
recommended to be defined as the viable or unviable
microbial cell (vegetative or spore; intact or ruptured) that
is potentially healthful to the host [16]. Disturbed gut
microbiota composition contributes to many human
chronic diseases, such as obesity, metabolic diseases,
malnutrition, neurological disorders, cardiovascular dis-
ease, and cancer [17]. Also, bone mass and bone quality
are affected by gut microbiota [18]. Previous studies have
indicated the relation between bone health and probiotics.
For example, in Takimoto et al. study, oral probiotic
supplementation stimulates the diversity of gut micro-
biota as well as bone growth and density [19]. Although
most of the previous publications indicated beneficial
effects of probiotics on bone health [19-21], some others
had not found any association between probiotic con-
sumption and bone health status [22, 23]. In Sergeev
et al.’s study, three-month supplementation by a probiotic
capsule had no effects on the bone mineral content in
overweight and obese adults [22]. Despite these contro-
versies, no publication summarized findings from pre-
vious publications in this field. Although bone health and
diseases have a significant role on affected individuals,
they also affect the population [24]. Osteoporosis has
increased economic burden to health care system, as well
as loss of income to the employee, loss of productivity to
the employer, costs to a country’s social welfare system
including unemployment and disability pay, health in-
surance payments, and rises in insurance premiums [25].
Due to the deep effects of osteoporosis and fractures on
society and increasing prevalence of osteoporosis [26], it
seems that preventing studies are more important. This
study, therefore, aimed to comprehensively review pre-
vious animal studies and clinical trials about the effect of
probiotic consumption on bone health status.

2. Materials and Methods

This systematic review was performed according to the
Preferred Reporting Items for Systematic Reviews and Meta-
Analysis (PRISMA) statement with the aim of assessing the
relation between probiotic consumption and bone health
parameters and has been recorded in PROSPERO.
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2.1. Search Strategy. Previous publications on the effect of
probiotic consumption and bone health status were selected
through searching in PubMed/Medline, ISI Web of Science,
SCOPUS, Cochrane, and EMBASE up to December 2020.
The following key words were used in this search: probiotics
OR synbiotic OR Lactobacillus OR Bifidobacterium for the
intake of probiotics, and osteoporosis OR fracture OR “bone
mineral density” OR BMD OR “bone mineral content” OR
“alkaline phosphatase” OR osteocalcin OR “procollagen type
1 N-terminal propeptide” OR hydroxyproline OR “NF-kB
ligand” for bone health status (Supplemental Table 1). In
PubMed, keywords were searched through [tiab] and
[MeSH] tags. No limitation was applied during the search.
The reference lists of retrieved papers were also examined to
avoid missing any published data. Finally, articles in the
English language were included.

2.2. Inclusion and Exclusion Criteria. Two investigators in-
dependently selected the articles through the mentioned
search strategy. Publications that fulfilled the following
criteria were eligible for inclusion: (1) all studies with clinical
trial design or experimental design (animal studies); (2)
studies that examined the relationship between probiotic
consumption and bone health status parameters; and (3)
those that reported quantity findings for probiotic con-
sumption and bone health parameters. We excluded letters,
comments, reviews, meta-analyses, ecological, and in vitro
studies as well as duplicate studies. Inclusion criteria based
on PICOS include the following: Population, adults (for
human studies) and other animals for experimental studies;
Intervention/Exposure, probiotic consumption; Compari-
son, consumption and nonconsumption of probiotics;
Outcome: bone health parameters; Study design: clinical
trial design or experimental design (animal studies).

2.3. Data Extraction. For each eligible study, the following
information was extracted: first author, year of publication,
study design, country, age range, gender, sample size
(number of participants in each group), type of intervention,
duration of intervention, the dose of probiotic intake in the
intervention group, characteristics of the control group,
outcome variables, the mean and standard deviation of bone
health parameters in the intervention and control groups,
and quality score.

2.4. Quality Assessment of Studies. The risk of bias for the
included studies was evaluated using the Cochrane quality
assessment tool for RCTs. Two independent investigators
assessed the quality of studies using the following seven
criteria: (i) random sequence generation, (ii) allocation
concealment, (iii) blinding of participants and personnel,
(iv) blinding of outcome assessment, (v) incomplete out-
come data, (vi) selective reporting, and (vii) other probable
sources of biases. To evaluate the quality of studies, each
study was allocated a label (yes, no, or unclear) indicating
that it was judged as low risk, high risk, or unknown risk of
bias, respectively [27].
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All steps of the methods were performed by two in-
vestigators independently including searching, article
screening, and data extracting, and checking the quality of
articles. Disagreements between the two investigators were
resolved by discussion and consensus.

2.5. Statistical Analysis. Mean differences + SDs of measures
such as chemical bone health parameters and BMD, com-
paring probiotic consumption to control, were used to
calculate the overall effect sizes. When mean differ-
ences £ SDs were not reported, we calculated them by
considering changes in each parameter throughout the
study. In addition, these parameters were reported in dif-
ferent units across the studies. We converted them to the
same units. The overall effect size was calculated by using
a random effects model, which takes between-study varia-
tion into account. Cochran’s Q test and I2 statistic were used
to assess between-study heterogeneity. Sensitivity analysis
was used to explore the extent to which inferences might
depend on a particular study or group of studies. Publication
bias was examined by visual inspection of funnel plots and
the application of Egger’s and Begg’s tests. We used kappa
statics to assess the consonant between investigators. All
statistical analyses were conducted by using STATA version
14.2 (StataCorp). P values <0.05 were considered significant.

3. Results

In total, 1123 articles were found in our initial search. After
exclusion of duplicate studies and screening nonrelated
articles based on title and abstract, 75 articles were remained.
We further excluded 31 papers because of the following
reasons: (1) those that examined the effect of probiotic
consumption on gut microbiota without considering the
effects of probiotics on bone health status or assessed the
relationship between gut microbiota and bone health pa-
rameters without intervention (n=16); (2) publications in
which no effect sizes were reported (n = 3); and (3) those that
had observational design (cohort, case-control, or cross-
sectional design) (n=12). After these exclusions, 44 papers
remained for the current systematic review (Figure 1). Two
investigators independently selected the articles through the
mentioned search strategy and they had high agreement
(0.90). The disagreement between the two investigators was
resolved by the opinion of the third one.

3.1. Animal Studies. Characteristics of 37 animal studies on
the effects of probiotics on bone parameters are presented in
Table 1. These investigations are published between 2004 and
2020. Most of them were performed on rats except for four
studies performed on chicks and hens [28-31]. Target
species of rats were Sprague-Dawley in 10 studies [32-41],
C57BL/6] mice in 9 studies [42-50], Wistar rat in 5 studies
[51-55], and BALB/c mice in 5 studies [56-59]. The other
studies used senescence-accelerated mouse (SAMP) [60, 61],
virgin fisher rat [62], and ND4 Swiss Webster retired breeder
mice [63]. Out of 37 studies, 17 publications were performed
on male [29, 33, 35, 38, 41, 45, 46, 48, 49, 52-55, 60,

61, 63, 64], 17 on female [30, 32, 34, 36, 37, 39, 40, 42,
44, 50, 51, 56, 57, 59, 62, 65], and 3 on both gender
[28, 31, 43]. In fourteen investigations, female rats had
ovariectomy  surgery that induced  osteoporosis
[36, 37, 39, 40, 42, 44, 47, 51, 56, 57, 59, 62, 66], and in two
studies, diabetic rats were included [38, 45]. Animals were
ted by L. reuteri [30, 31, 40, 43, 45, 46, 56, 57, 64], L. casei
[34,38-40, 51, 63], L. paracasei [42, 44, 54, 65], L. plantarum
[42, 47, 63, 65], L. acidophilus [40, 55, 59, 67], B. bifidum
[40, 53, 55, 63], B. longum [37, 47, 52, 53], B. subtilis
[28, 29, 55], L. helveticus [32, 37, 41], L. bulgaricus
[33, 35, 63], Entrococcos faecium [30, 31, 55], and
L. rhamnosus [48, 49, 64]. Other studies used B. breve
[53, 63], B. animalis [30, 31], Streptococcus thermophilus
[33, 35], Pediococcus acidilactici [30, 31], Escherichia coli
[49, 64], Lactococcus lactis [60, 61], Bacillus licheniformis
[28], Clostridium butyrium [29], Bacillus coagulans [40], and
Pasteurized Akkermansia muciniphila [50]. The dosage and
complete name and species of probiotics were reported in
Table 2. The sample size varied from 1 [61] to 120 [30] in
each group. The duration of intervention was between 9 days
[33, 35] and 11 months [61]. Although probiotic feeding had
increased calcium [39], phosphorus [42, 48], 25-OH-D
[40, 50], PTH [33], osteocalcin (OC) 33, 36, 44, 50, 51], and
alkaline phosphatase (ALP) [40] levels in some in-
vestigations, reduced levels of ALP [39], acid phosphatase
(ACP) [65], urinary calcium [41], and phosphorus [48] were
observed in others. These different findings might be due to
different age, sex, estrogen status, duration of intervention,
and sample sizes. In terms of BMD, increased BMD in
different sites were reported in previous publications, total
[34, 35, 44, 51, 55], tibia [12, 30-32, 35, 54, 59], femur
[30, 31, 49, 59], and calcaneus [35]. An increase in BMC was
also reported in five investigations [30, 31, 40, 43, 57].
Trabecular thickness [34, 39, 43-45, 50, 51, 56, 59], bone
volume (32, 34, 36, 38, 39, 42-44, 49, 50, 57, 59, 65], tibia
length [29], femur weight [38, 65], and bone phosphorus
[28, 52] and bone calcium [52, 53] were also affected by
probiotic feeding in animals. In eight publications, probiotic
feeding showed no effects on bone parameters
[37, 46, 47, 60-64].

3.2. Clinical Trials. Characteristics of seven clinical trials
regarding the effects of probiotic consumption on bone
health status presented in Table 2. These studies are
published between 2004 and 2020. Three of the publications
were performed in European countries [20, 21, 68], two in
Asian countries [19, 23], and two in the USA and Canada
[22, 69]. All studies had randomized study design except
for two of them [22, 68]. Out of seven included clinical
trials, three studies were conducted on healthy post-
menopausal women [19, 21, 68], two on postmenopausal
women with osteopenia [20, 23], one in hypercholester-
olemic adults [69], and one in overweight and obese adults
[22]. Sample sizes were varied from 10 to 66 in the in-
tervention group and 10 to 61 in the control group. The
dosage and complete name and species of probiotics are
reported in Table 2. Supplements contained 1.5 * 10% to 5 *
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FIGURE 1: The flow diagram of study selection.

10" CFU of probiotics per dose. Several types of probiotics
were consumed: L. helveticus [21], L. reuteri [68, 69],
B. subtilis [19], and combination of various species
[20, 22, 23]. The duration of intervention was between 1 day
[21] and 12 months [20, 68]. Increased calcium [21] and 25-
OH-D [69] level, and decreased parathyroid hormone
[21, 23, 70], collagen type 1 cross-linked C-telopeptide
(CTX) [20, 23], and bone-specific alkaline phosphatase
(BALP) [23] level were demonstrated in these publications.
Also, increased total hip BMD [19], and reduced BMD loss
in L2-14 [20], femoral neck [20], trochanter [20], and tibia
[68] were indicated in these investigations. Almost all of the
publications had high-quality score according to the
Cochrane quality assessment tool for RCTs, except for one
of them [22]. This study assessed the effect of symbiotic and
probiotic consumption and BMC. Due to lack of effect
sizes, we could not perform meta-analyses in BMC.
Therefore, all high-quality score studies were included in
different meta-analyses.

3.3. Meta-Analysis. Some chemical parameters such as level
of serum calcium, serum phosphorus, PTH, and urinary

calcium had enough effect sizes (at least 3 effect sizes) to
perform a meta-analysis to calculate combined results of
probiotic consumption on bone health parameters. Most of
clinical trials in this regard assessed the relation between
probiotic consumption and bone health parameters in
women 50 years and older. Combining four effect sizes of
three studies indicated that probiotic consumption had
significantly increased serum calcium levels (weighted mean
difference (WMD): 3.82 mmol/l; 95% CI: 1.05, 6.59 mmol/l;
I-square =98.0%, P <0.0001) (Figure 2(a)) [21, 23, 69].
Although significant heterogeneity was reported, low
number of included studies did not let us to perform sub-
group analysis and find source of heterogeneity. Combining
four effect sizes of three studies, we did not find any sig-
nificant effect of probiotic consumption on serum phos-
phorus levels (WMD: 1.14mmol/l; 95% CI: -0.44,
2.73 mmol/l) (Figure 2(b)) [21, 23, 69]. In terms of PTH
levels, probiotic consumption significantly decreases PTH
levels (WMD: -5.53ng/l; 95%CI: -9.83, -0.86ng/l, I-
square =98.2%, P <0.0001) (Figure 3(a)) [21, 23]. Com-
bining three effect sizes of two studies, we found that
probiotic consumption significantly influences urinary
calcium levels (WMD: 4.85mmol/l; 95% CI: 1.16,
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Author (year) SMD (95% CI)  Weight (%)
l

Narva (2004) - i 2.53 (1.69, 3.37) 26.51

Narva (2004) -~ i 1.90 (1.14, 2.65) 26.64

Jones (2013) - i ~0.72 (~1.08,-0.36)  27.05

Jafarnejad (2017) i — 1435 (11.10,17.59)  19.80

Overall (I-squared = 98.0%, p = 0.000) <> 3.82(1.05, 6.59) 100.00
i

Note: weights are from random effects analysis i

176 0 176

(@

Author (year) SMD (95% CI)  Weight (%)
l

Narva (2004) 1 i 0.00 (-0.62, 0.62) 25.90

Narva (2004) i - 6.20 (4.67,7.72) 21.56

Jones (2013) -~ i -0.72 (-1.08,-0.36)  26.61

Jafarnejad (2017) 1 i 0.00 (-0.61, 0.61) 25.93

Overall (I-squared = 96.1%, p = 0.000) <<> 1.14 (-0.44, 2.73) 100.00
|

Note: weights are from random effects analysis |

—7T72 0 7.I72

(b)

F1GURE 2: Forest plots for the effect of probiotic consumption on (a) serum calcium levels and (b) serum phosphorus levels, expressed as

mean differences between intervention and the control diets.

8.53 mmol/l; I-square=97.6%, P <0.0001) (Figure 3(b))
[21, 23].

Bone mineral density was calculated in different loca-
tions such as spinal, total hip, femoral neck, and troch. BMD
at spinal and total hip had enough effect sizes, and we
performed meta-analysis in these parameters. Combining
four effect sizes of three studies indicated that probiotic
consumption did not influence spinal BMD levels (WMD:
0.65g/cm* 95% CI: —0.18, 1.47g/cm?®) (Figure 4(a))
[19, 20, 23, 68]. In terms of total hip BMD, combining three
effect sizes of three studies had shown nonsignificant in-
crease in BMD level of total hip (WMD: 1.45 g/cm’; 95% CI:
-0.38, 3.28 g/cm?) (Figure 4(b)) [19, 23, 68].

3.4. Sensitivity Analysis. To investigate the influence of each
individual study on the overall findings, we excluded studies
from the analysis, stage by stage, and found no significant
impact of any individual study on the overall effect sizes.

3.5. Publication Bias. The funnel plots indicated moderate
asymmetry, suggesting that publication bias cannot be
completely excluded as a factor of influence on the present
meta-analysis (data not shown). However, Begg’s and

Egger’s regression tests provided no evidence of substantial
publication bias.

4. Discussion

In this systematic review, we found some effects of probiotic
supplementation on bone health parameters such as serum
and urinary calcium levels and PTH levels. Some strains of
Bifidobacterium and Lactobacillus such as L. reuteri, L. casei,
L. paracasei, L. bulgaricus, and L. acidophilus indicated
beneficial effects on bone health parameters in animal ex-
periments and clinical trials.

Probiotic consumption has been assessed in few clinical
trials. In most of them, probiotic consumption had beneficial
effects on bone health parameters such as BMD, serum
calcium, 25 (OH) D, and PTH levels. Only one clinical trial
in this regard had reported no effect of probiotic con-
sumption on bone health parameters that has been done on
overweight and obese adults [22]. There are some critical
points, which should be considered in the interpretation of
the results of this study. This study had no randomization or
blinding, so we cannot rule out the probable risk of bias.
Notably, participants were obese or overweight, and we all
know that this condition could change gut microbiota
[71, 72] as well as hormonal status [70]. Considering all
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Author (year) SMD (95% CI) Weight (%)
l
|
Narva (2004) Lo 20.92 (~1.57, -0.27) 37.31
|
I
Narva (2004) i h 2.01 (1.24, 2.77) 37.20
|
|
Jafarnejad (2017) * ! -22.55(-27.59, -17.51)  25.49
Overall (I-squared = 98.2%, p = 0.000) <> -5.35(-9.83, -0.86) 100.00
|
l
|
Note: weights are from random effects analysis |
T T
-27.6 0 27.6
@
Author (year) SMD (95% CI) Weight (%)
l
|
Narva (2004) T 0.04 (~0.58, 0.66) 39.97
|
I
Narva (2004) i -1.05 (-1.72, -0.39) 39.91
|
|
Jafarnejad (2017) 1 T 26.10(20.27,31.92) 20.12
|
Opverall (I-squared = 97.6%, p = 0.000) <> 4.85 (1.16, 8.53) 100.00
I
l
|
Note: weights are from random effects analysis |
T * T
-31.9 0 31.9

(b)

F1GURE 3: Forest plots for the effect of probiotic consumption on (a) PTH levels and (b) urinary calcium levels, expressed as mean differences

between intervention and the control diets.

clinical trials, it seems that the consumption of probiotics
may have positive effects on bone health in humans. Meta-
analysis indicated that probiotic consumption improved
some bone health parameters such as serum calcium levels
and PTH. Significant heterogeneity is reported in our
findings. Due to the small number of effect sizes, we could
not use subgroup analyses to find the source of heteroge-
neity. Although studies in this area had high quality, they
had some limitation. There are some differences between the
previous included publications that could be the cause of
heterogeneity. It seems that the mean age of the participants,
gender, bone health status, and chronic conditions can
justify the heterogeneity between studies.

Compared to clinical trials, the effects of probiotics on
bone health have been addressed more in the animal ex-
periments. Although in eight articles no effects of probiotics
on bone health parameters were detected, most of the
previous publications had reported beneficial effects of
probiotic feeding on the bone health status of animals. There
are several points that could explain the lack of connection
between probiotic feeding and bone health parameters in
these eight articles. Species of rats included in these surveys
are different; virgin fisher rat [58], SAMP rat [60, 61], and
ND4 Swiss Webster retired breeder mice [63] were used,

while other studies used Sprague-Dawley rat, C57BL/6]
mice, Wistar rat, and BALB/c mice. Sample sizes in one of
these studies are very low (one rat in each group [60]), and
older rats were included in these studies [37, 46, 47].
Considering the limitations of studies, it seems that pro-
biotic feedings have beneficial effects on bone health pa-
rameters in animal experiments.

Gut microbiota is considered as an organ involving in
mucosal barrier function, immune system, endocrine sys-
tem, food digestion, and energy metabolism as well as bone
health and metabolism [73-77]. Gut microbiota could
regulate bone metabolism through the effects on the im-
mune system, the endocrine organs, and calcium absorption.
Some species of intestinal bacteria promote the release of
inflammatory mediators, such as tumor necrosis factor-«
(TNF «), interleukin (IL)-1, and IL-6 which plays an im-
portant role in the formation of osteoclasts and osteoblasts
[78]. Intestinal microbiota also promotes the release of
endothelial nitric oxide synthase (eNOS). eNOS mRNA
regulates the production of osteoblasts and osteoclasts, as
well as inflammatory mediators. NO has dichotomous bi-
ological effects, and at low concentrations, NO may promote
proliferation, differentiation, and survival of osteoblasts,
whereas at high concentrations, NO may inhibit bone
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Author (year) SMD (95% CI) Weight (%)

l
Jafarnejad (2017) — T i -0.10 (-0.71,0.51) 24.15
Lambert (2017) I S i 0.00 (=0.44, 0.44) 25.78

|
Takimot (2018) i T 1.94(1.33,2.55) 24.16
Nilsson (2018) % 0.78 (0.35, 1.20) 25.91
Overall (I-squared = 90.3%, p = 0.000) <<> 0.65 (-0.18, 1.47) 100.00

l
Note: weights are from random effects analysis i

—2!55 0 Z.ISS
(@)
Author (year) SMD (95% CI) Weight (%)
l

Jafarnejad (2017) —r i 0.06 (~0.55, 0.68) 33.49
Takimot (2018) i ——— 3.82(2.97, 4.68) 32.35
Nilsson (2018) - i 0.57 (0.15, 0.99) 34.16
Overall (I-squared = 96.3%, p = 0.000) <<> 1.45 (-0.38, 3.28) 100.00

Note: weights are from random effects analysis

-4.68

4.68

F1GURE 4: Forest plots for the effect of probiotic consumption on (a) spinal BMD levels and (b) total hip BMD levels, expressed as mean

differences between intervention and the control diets.

resorption and formation. Therefore, at a certain concen-
tration range, NO can avoid osteoclast-mediated bone re-
sorption and promote osteoblast growth [79, 80]. Probiotics
could affect gut microbiota and regulate immune cells and
inflammatory cytokines or hormones and growth factors by
inducing the host’s production of fB-defensin and IgA.
Probiotics may also be able to enhance the intestinal barrier
function by maintaining tight junctions and inducing mucin
production. Probiotic-mediated immunomodulation may
occur through the mediation of cytokine secretion signaling
pathways such as NFkB and MAPKs, which plays a vital role
in the formation of osteoclasts and osteoblasts [81-83]. Gut
microbiota has also critical effects on the endocrine system.
Levels of serum IGF-1 can promote the differentiation and
growth of bone cells, including osteoblasts and chon-
drocytes, and enhance normal interactions among them
[84]. Moreover, the IGF-1 signaling pathway is involved in
the regulation of bone metabolism via both growth hormone
(GH) and PTH which directly and indirectly have effects on
bone growth [85]. PTH is secreted from parathyroid glands
which regulate calcium levels by increasing absorption of
calcium in gut, decreasing calcium absorption in kidney and
increasing bone resorption. Bone remodeling is a dynamic
coordination process between bone formation with osteo-
blasts and resorption with osteoclasts [86]. Increasing PTH
level leads to more bone destruction by osteoclasts. As we

indicated in meta-analysis results, greater calcium levels
reduced PTH levels and osteoclast activity. Moreover, go-
nadal steroids, including estrogen and androgen, play key
roles in the regulation of bone mass and turnover [87]. Gut
microbiota regulates bone metabolism by affecting the ab-
sorption of calcium. Calcium absorption can be facilitated by
vitamin D. It has been shown that a low-calcium diet alone
can lead to bone resorption, high bone turnover, and im-
paired bone trabecular microarchitecture in multiple bones.
Balanced gut microbiota leads to reduced osteoclast activity
and increased osteoblast activity within the bone matrix by
these strategies, which ultimately results in increased bone
structure, density, and strength [88].

The present study has some strengths and limitations.
It is the first study that systematically reviews the re-
lationship between probiotic consumption and bone
health parameters. In addition, a comprehensive search
strategy was performed and no limitation was applied
during the search. Furthermore, it is the first publication
that performed meta-analysis on probiotic supplemen-
tations and bone health parameters. We considered ex-
perimental and clinical studies, and we tried to clarify the
mechanism. However, some points need to be considered.
Participants in the included clinical trials had different
health status, for example, hyperlipidemia or obesity,
which might influence the results. Moreover, different
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species and dosage of probiotics were used and it might
impress findings. Although different probiotic species
have different effects, due to the limited publications we
combined findings of all studies. In addition, we could not
perform meta-analyses in all parameters because of
limited number of effect sizes. High heterogeneity was
reported, and subgroup analyses could not be performed.
Our findings might be considered as primary findings, and
further studies should be designed on different bacterial
species and strains.

5. Conclusion

In conclusion, in this systematic review, we found that
probiotic supplementation containing L. reuteri, L. casei,
L. paracasei, L. bulgaricus, L. acidophilus, and B. subtilis
might improve bone health parameters in animal and hu-
man studies. Meta-analysis of human studies indicated that
probiotic consumption has significantly increased serum
and urinary calcium levels and decreased PTH level. Further
studies are needed to decide on the appropriate probiotic
species, strain, and dosages to improve bone health status.
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