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Purpose: Obesity is a chronic disease that is acquiring pandemic proportions. Emerging
research suggests that probiotics can be a valuable yet still an underutilized modality for
obesity treatment. This review aims to analyze and summarize recent data focusing on
published meta-analyses of randomized controlled trials (RCTs) to help understand the role
of probiotics in fighting obesity.

Materials and Methods: Meta-analyses were sought and reviewed from PubMed,
Cochrane Central Library, ScienceDirect, and Google Scholar for body weight and/or BMI
changes (two main outcomes of interest).

Results: The literature review identified 14 meta-analyses. On average, the meta-analyses
dedicated to probiotics included 4-15 trials with 154-994 participants, whereas more
inclusive probiotics and/or synbiotics analyses included 1568 trials with 895-4015 partici-
pants. Eleven out of 14 meta-analyses showed that probiotic use in RCTs resulted in reduced
body weight and/or BMI compared to placebo. An average weight loss was 0.6 kg, and the
most substantial loss was 4.8 kg corresponding to 0.7% and 5.9% reductions in body weight,
respectively. Probiotics’ use was associated with improved health outcomes in addition to
weight loss and was safe. The subgroup analyses showed that the probiotic forms (supple-
ments vs food) and the dosages (lower vs higher than 10'® CFU/day) did not substantially
influence weight loss. The single species particularly helpful for weight loss appeared to be
L. gasseri, L. casei, L. delbrueckii, L. reuteri, L. rhamnosus, a combination of L. curvatus
and L. plantarum and Bifidobacterium longum. Bacillus subtilis and Akkermansia mucini-
phila also had a potential as anti-obesity probiotics.

Conclusion: Probiotics, despite small effects, could be a valuable addition to the arma-
mentarium of obesity management. Further basic and translational research and clinical trials
are required to elucidate mechanisms and specific probiotic and patients’ types for the best
achievable precision medicine approach to the obesity epidemic.
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Introduction

Obesity is a chronic disease that is acquiring pandemic proportions. The last available
data estimate that approximately one of eight adults is obese, and almost 1 of 2 is
overweight. Overall, about 13% (650 million) of the world’s adult population (11% of
men and 15% of women) were obese.! About 40% (1.9 billion) were overweight in
2016."* The categories of overweight and obesity are based on measuring body weight
(BW) and height and calculating body mass index (BMI) as kg/m”. The designations
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for normal and abnormal weight using standard BMI (kg/m?)
categories are as follows: normal 18.5-24, overweight
25-29, obesity grade-1 30-34, grade-2 35-39, and grade-
3>40.°

The Obesity Society (TOS) defines obesity as “a multi-
causal chronic disease ...

mortality”.*

associated with premature
Most of the excess mortality is due to cardio-
vascular disease (mainly heart disease and stroke) and some
cancers (particularly common cancers, breast, and colon).'
The cardiovascular mortality was almost twofold higher in
severely obese (BMI>35) than normal-weight individuals
in a meta-analysis of prospective cohort studies comprising
more than 250,000 participants followed for about 4 years.’
The breast cancer mortality was increased by about 75%
and 35% for pre- and post-menopausal obese (BMI>30
before the diagnosis) compared to normal-weight women,
respectively, based on a meta-analysis of more than 200,000
women.® The colorectal cancer all-cause and cancer-
specific mortality were both increased by about 15%
based on the pooled data for more than 50,000 participants
followed for about 10 years.” The meta-analysis of prospec-
tive studies comprising 2.9 million individuals and more
than 270,000 deaths, showed that severe obesity (BMI>35)
was associated with about 30% increased overall (all-cause)
mortality.® Multiple conditions could be called complica-
tions of obesity and could be mitigated at least in part by
weight loss. These include type 2 diabetes (T2D), hyperten-
sion (HTN), metabolic syndrome (MetS), non-alcoholic
fatty liver disease (NAFLD), heart failure, obstructive
sleep apnea, chronic kidney disease, infections and
arthritis." Obesity places a high psychological and eco-
nomic burden on the individual patient, healthcare system
and society.'*

Management of obesity requires a multidisciplinary
and multifactorial approach. According to the Guidelines
from the Obesity and other societies: “To achieve weight
loss, an energy deficit is required”.” The safest approach to
achieve energy deficit is lifestyle modification that, how-
ever, is difficult to change.'® Anti-obesity medications
usage is also difficult due to poor adherence, side effects,
and high cost.'""'? Anti-obesity surgery is the most effica-
cious treatment for weight loss yet has its own limitations
and high cost."?

Emerging research suggests that gut microbiota have
a critical role in obesity.'"*"'® Microbiota could increase'*
or decrease'” the harvest of energy from the utilization of
food,'® lower appetite, increase satiety,'” and influence
multiple conditions.® Modification of the gut microbiota

can be achieved with probiotics, potential yet still an
underutilized mode of obesity treatment.”*** Probiotics
are defined as “live microorganisms that, when adminis-
tered in adequate amounts, confer a health benefit on the
host.”?! Probiotics could be combined with prebiotics;
a combination called synbiotics. Prebiotic is “a substrate
that is selectively utilized by host microorganisms confer-
ring a health benefit.” The majority of prebiotics are diet-
ary fibers that can promote probiotics’ survival in the
gut.”® In the USA, about $400 million has been spent on
probiotic supplements in 2019 and spending is projected to
grow to about 2.5 billion by 2024.** Numerous studies
suggest that probiotics could help weight loss.?® %2
However, the gap of knowledge remains since probiotic
supplementation can promote both weight loss and weight
gain.>> This review aims to analyze and summarize recent
data focusing on published meta-analyses of randomized
controlled trials (RCTs) to help understand whether there
is a role for probiotics in the fight against obesity.

Materials and Methods

Meta-analyses were sought and retrieved from electronic data-
bases. The search engines included PubMed/MEDLINE
(http://www.ncbi.nlm.nih.gov/pubmed), Cochrane Central

ScienceDirect
Scholar
(https://scholar.google.com). A combination of the following

library  (https://www.cochranelibrary.com),

(https://www.sciencedirect.com), and Google

keywords was used: overweight, obesity, probiotic, synbiotic,
yogurt, Bifidobacterium,
Streptococcus, weight change, weight modification, weight

Lactococcus,  Lactobacillus,
regulation, weight loss, weight reduction, weight manage-
ment, treatment, meta-analysis. The logical connectives
AND, OR, and NOT were systematically used to combine
terms used to identify articles with search strings identified in
Table S1. Filters were applied in order to limit the searches to
meta-analyses. Studies reporting either body weight or body
mass index (two main outcomes of interest) were included in
this review. Studies dedicated to children, animals, and some
conditions (eg, pregnancy, fatty liver disease, PCOS) were
excluded. The literature search was consistent with Preferred
Reporting Items for Systematic Reviews and Meta-Analysis
(PRISMA) (Figure 1).

Articles published in English from January 1, 2000,
until July 10, 2020, were retrieved and reviewed. Two
researchers (BE and SM) conducted the selection of the
articles. The final selection of the papers was determined
through discussions and agreement of the researchers. Of
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Records identified
through database searching
Medline (PubMed) = 90
Cochrane Library = 51
ScienceDirect = 222
Google Scholar = 135
Total n = 498

Records excluded:

-Not meta-analysis = 48
-Studies dedicated to
children, animals, and
some conditions (eg,

pregnancy, fatty liver
disease, PCOS) = 66
-Not related to probiotic
or synbiotic = 59
-Not related to body weight
changes = 194
-Other languages = 2
n =369

Records after

duplicates removed
n =430

Records excluded:
-Not meta-analysis = 7
-Studies dedicated to
children, animals, and
some conditions (eg,

Full-text articles
assessed for eligibility
n=061

pregnancy, fatty liver
disease, PCOS) =4
-Not related to probiotic
or synbiotic = 12

-Not related to body weight
Articles included changes = 23
for analysis -Other languages = 1
n=14 n=47

Figure | PRISMA flow diagram for study selection.

Notes: PRISMA figure adapted from Liberati A, Altman D, Tetzlaff Jet al The
PRISMA statement for reporting systematic reviews and meta-analyses of studies
that evaluate health-care interventions: explanation and elaboration. Journal of
Clinical Epidemiology. 2009; 62(10). Creative Commons.

the 498 papers extracted by the search strategy, 14 articles
met the eligibility criteria and were reviewed in detail.

Results

The literature review identified 14 meta-analyses dedicated
to evaluating probiotic and/or synbiotic effects on body
weight and/or BMI (Table 1).2°° Overall, the majority
(11 of 14) of meta-analyses showed that probiotic use in
RCTs resulted in reduced body weight and/or BMI com-

26-28.30-33.35.3638.39 Similarly, most of the

pared to placebo.
analyses showed a reduction of other anthropometric mea-
sures, including waist circumference, body fat mass, and/or
body fat percentage.?62%21733353% Meta-analyses that
included metabolic and inflammation-related parameters
predominantly showed beneficial effects for those mea-

The
28,33,38

demonstrated for
28,33,38 HOMA—

sures. improvements

HbAlc,?3

were

glucose, insulin,

IR,?%33-38 Jipids,*®?%*%8 liver function test,’® and inflam-
matory markers.*® Table 1 shows the main outcomes (body
weight and BMI), additional anthropometric outcomes
(waist circumference and body fat), and relevant subgroup
analyses. A detailed description of meta-analyses and out-
comes is provided in Tables S2 and S3. There were 9, 4, and
5 reports that separately evaluated probiotics, synbiotics,
and combination of pro- with synbiotics, respectively. The
meta-analyses were published between 2015 and 2020 and
predominantly were similar in the inclusion and exclusion
criteria for RCTs (Table S2). On average, the meta-analyses
dedicated to probiotics included 4—15 trials with 154-994
participants, whereas more inclusive probiotics and/or syn-
biotics analyses included 15-68 trials with 8954015 parti-
cipants. The majority of RCTs included in meta-analyses
were blinded or open parallel-group trials, conducted
between 1990 and 2019 in a single-center, with the duration
of 2-28 (median 8) weeks, and included two groups, inter-
vention, and placebo, with some trials including more than
two and up to five groups. The cross-over RCTs were
included if they reported outcomes at the end of the first
cross-over period. The main exclusion was insufficient data
and/or incomplete information, though the definition of
incompleteness could vary among meta-analyses. Some
meta-analyses only included RCTs providing details for
mean and standard deviations for the selected outcomes;
however, the preponderance of meta-analyses calculated
these parameters if these were missing.>*

The participants of RCTs were predominantly over-
weight or obese (a few included normal weight) adults of
both genders (some included only women), with or with-
out comorbidities, and some were dedicated to specific
populations (eg, metabolic syndrome). About a third of
RCTs included patients with comorbidities such as T2D,
NAFLD, metabolic syndrome, and hypertension. Some
included patients prior to or after Roux-en-Y gastric
bypass (RYGB).>> The majority of intervention groups
were taking probiotics in capsule or powder form (about
two-thirds of RCTs) rather than food (yogurt, fermented
milk, kefir, cheese). In contrast, control groups used non-
active comparators (placebo), that is, products that con-
tained no probiotics or synbiotics. The probiotic key
components were the following genera: Bifidobacterium,
Lactobacillus, Lactococcus, Leuconostoc, Oenococcus,
Pediococcus, Propionibacterium and Streptococcus with
the doses varying from 10° to 10'? colony forming units
(CFU) per day. Some meta-analyses excluded RCTs in
which the probiotic bacteria were not defined to the level
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Table | Meta-Analyses of Trials Including Probiotics and/or Synbiotics Use for Obesity

Study N n Dur | Base | Mean Difference Additional Anthropometric Outcomes, Subgroup and
Author, Year | BW | BW | wks | BW | BW (95% CI) Regression Analysis, and Comments.
BMI | BMI BMI | BMI (95% CI)

Borgeraas 777 13 3-12 | 8l —0.60 (—1.19, —0.01) BFM: —0.42 (—1.08, 0.23)

et al, 2018% 866 13 28 -0.27 (-0.45, —0.08) BF (%): —0.60 (—1.20, —0.01)

Subgroup analysis: larger effect in generally healthy, duration >8 (vs
<8) wks, food (vs capsules), if BW was the primary outcome.

Cao et al, NR NR | 3—-12 | NR NR WC: —0.99 (—1.33, —0.66)

202077 2105 | 32 NR -0.25 (-0.33, —0.17) BF (%): —0.75 (—0.90, —0.61)

Regression analysis: inverse association between duration and weight
loss.

Companys 666 10 4-24 | NR -0.26 (-0.43, -0.09)* | WC: -0.37 (-0.52, -0.21)*

et al, 202078 840 12 NR -0.35 (-0.48, —0.22)* BFM: —0.30 (—0.48, —0.12)*

Subgroup analysis: L gasseri, L. casei, L. curvatus and L. plantarum
appeared more efficacious than placebo.

Dong et al, NR NR | 3-24 | 8l NR WC: -0.35 (-0.81, 0.11)

2019%° 599 | 8 31 -0.34 (-0.68, 0.01) BFM: —0.31 (—0.64, 0.03)

BF (%): —0.30 (—0.58, —0.02)

Dror et al, 771 14 3-26 | NR —0.54 (—0.83, —0.25)

2017°° NR |8 NR | -0.43 (—0.54, —0.33)

Hadi et al, 1185 | 19 4-28 | NR —0.80 (—1.56, —0.03) WC: —2.07 (-3.11, —1.03)

2020°" 1308 | 22 NR -0.12 (-0.40, 0.16) BF (%): 0.02 (—1.27, 1.87)

Subgroup analysis: larger effect if multi (vs single) species, duration
<12 (vs >12) wks.

John et al, 790 13 2-24 | 76 —0.65 (—1.12, —0.18) BFM: —0.94 (—1.17, -0.72)

20182 98 | 14 30 -0.33 (-0.47, —0.18) Subgroup analysis: larger effect if dose <107 (vs >10%) CFU/d, duration
>12 (vs <12) wks, single (vs multi) strain. L gasseri, L. casei, L. curvatus
and L. plantarum appeared more efficacious than placebo.

Koutnikova 3422 | 58 2-28 | 77 —0.39 (-0.57, —0.31) WC: —1.01 (—1.55, —0.48)

etal, 2019% 4015 | 68 28 -0.33 (-0.53, —0.12) BFM: —0.62 (—0.91, —0.34)

Subgroup analysis: larger effect if used mixtures containing B. breve,
B. longum, Streptococcus salivarius subsp. thermophilus, L. acidophilus,
L. casei, L. delbrueckii.

Park et al 196 | 4 3-12 | 86 —1.77 (—4.84, 1.29) Population: included adolescents (NW, OW, OB) who gained BW.

2015% 154 | 4 32 0.77 (-0.24, 1.78)

Skonieczna- 1360 | 25 4-24 | 72 —0.09 (-0.2, 0.02) WC: —-1.21 (-2.27, —0.16)

Zydecka et al, | 1252 | 22 27 -0.45 (—0.69, —0.21) Population: healthy, 66% of RCTs included non-obese adults.

2020% Regression analysis: direct association of BMI loss with duration and
baseline BMI.

Sun et al, NR NR | 812 [ NR NR WC: -2.11 (—3.54, —0.68)

2015%¢ 234 | 4 28 -0.52 (-0.81, —0.25)

Suzumura 1239 | 18 3-24 | 89 —0.54 (-1.09, 0.01) WC: -0.82 (—1.43, —0.21)

et al, 2019% 895 15 30 -0.19 (-0.43, 0.04) Subgroup analysis: larger effect if duration >8 (vs <8) wks.

(Continued)
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Table | (Continued).

Study N n Dur | Base | Mean Difference Additional Anthropometric Outcomes, Subgroup and
Author, Year | BW | BW | wks | BW | BW (95% CI) Regression Analysis, and Comments.
BMI | BMI BMI | BMI (95% CI)

Wang et al, 641 10 8-24 | 8l —0.55 (-0.91, —0.19) WC: -1.20 (-2.21, —0.19)

2019% 717 I 30 -0.30 (—0.43, -0.18) BFM: —0.91 (—1.19, —0.63)
Subgroup analysis: larger effect if dose >10'° (vs <10'%) CFU/d, single
(vs multi) strain, capsules or powder (vs food).

Zhang et al 1545 | 21 3-24 | 76 —0.59 (—0.30, —0.87) Subgroup analysis: larger effect if duration 28 (vs <8) wks, multi (vs

2015%° 1548 | 19 28 -0.49 (-0.74, —0.24) single) strain, if only included RCTs for OW/OB.

Notes: All meta-analyses included RCTs of predominantly overweight or obese adults without or with comorbidities. The outcome values are mean difference (final minus
baseline). Number of participants for data on WC and BF can differ from number of participants for analyses of BW and BMI. Baseline BW and BMI are mean values. The
daily doses varied with the average between 108 and 10'° CFU/day. *The data are for capsules and powder, for food BW: NS; BMI: —=0.33 (=0.51, —0.16).

Abbreviations: B, Bifidobacterium; Base, baseline; BW (kg), body weight; BF, body fat; BFM (kg), body fat mass; BMI (kg/m?), body mass index; CFU, colony-forming units; Cl,
confidence interval; d, day; Dur, duration; L, Lactobacillus; N/n, number of participants/number of trials; NR, not reported; NS, not significant; NW, normal weight; OB, obese;

OW, overweight; WC (cm), waist circumference; wks, weeks.

of the bacterial species or contents of the supplements
were not explicitly described.’® The outcomes for anthro-
pometric measures varied but always included BMI, and
11 included BW (Table 1). The BW and BMI were not
always the primary outcomes of the RCTs included in
meta-analyses.

The methods for statistical analysis varied among reports.
Some meta-analyses included comparisons of all groups using
probiotics.>> Some included only the intervention with the
highest dose and the smallest number of probiotic species
from RCTs with multiple groups evaluating different doses
or combinations of probiotics.*® The calculations of the effect
measures differ to some extent. All meta-analyses calculated
the effect measure based on the outcome mean value as base-
line subtracted from final value to calculate mean change from
baseline. All meta-analyses calculated the difference between
the last preintervention measurement (baseline value) and the
measurement at the end of the administration period (final
value) for studies with more than two measurements during
the follow-up. The formula for calculating mean difference
required estimation of the standard error that was missing in
some trials and was, therefore, estimated based on an assump-
tion of the magnitude of correlation among the repeated out-
come measurements (intrasubject correlation). A difference
among meta-analyses was the intrasubject coefficient of varia-
tion since the trials did not explicitly report it. The chosen
coefficient of variation differed from intermediate (0.5) to high
(0.9) and could influence the results of the statistical analysis
(Table S3). Only a few meta-analyses explicitly stated that
repeated statistical assessments were performed using differ-
ent coefficients (low, intermediate, and high) to assure that the

selected correlation coefficient did not influence the
results.>'~** The majority of meta-analyses used the random
effects statistical method, which allowed for heterogeneity in
the results among studies and calculated estimates for the
difference between probiotic and control. A fixed-effect
model was used when heterogeneity among trials was
regarded low. All meta-analyses included 95% confidence
interval (CI) for the results. The meta-analyses involving
multiple outcomes and using trials with multiple results did
not adjust for the outcome multiplicity. All meta-analyses
assessed heterogeneity and reported moderate or high hetero-
geneity based on the I* value defined as low (I* 0-25%),
intermediate (I 25-49%), moderate (I* 50-74%), and high
(2 >75%).

The prespecified subgroup analyses were performed by
all but two studies.””** The choices of the subgroups differ,
but majority included probiotic form (food vs supplement),
the daily dose (usually more vs less than 10°® or 10" CFU/
day), and the number of probiotic strains (1 vs >1 strain).
Some included comparisons based on gender, separate effect
for overweight, obese, and normal weight, and individual
probiotic subspecies.>> The subgroups analysis from
the report with the highest number of participants showed
the largest effect size in overweight individuals. In contrast,
the effect did not reach statistical significance in the obese
and normal-weight subjects.*® The higher dose (>10'® CFU/
day) was associated with higher weight reduction only in one
analysis,”® while the majority showed no effect. The duration
did not substantially influence weight loss. However, a few

reports showed positive,”*>’? and some showed a negative
27,31

association. Similarly, some®™ but not the others®
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showed that supplements in the form of capsules or powder
were better than food form. Some®'***° but not others®**®
reported that a combination of probiotics was more effica-
cious than a single species. The single species particularly
helpful for weight loss appeared to be L. gasseri, L. casei,

2832 a5 well as

a combination of L. curvatus and L. plantarum
Bifidobacterium longum, L. delbrueckii, L. reuteri and
L. rhamnosus.> The effect appeared to be similar in men
and women,*® but most meta-analyses did not evaluate the
impact of gender.

All meta-analyses performed sensitivity evaluation by
omitting a trial at a time to assess its effect on the results
and some,>> but not all reassured robustness of the results
by excluding trials conducted in one country since many
of RCTs were from Iran.*' All meta-analyses performed
quality assessments and the risk of publication bias
according to the standardized procedures and reported
low risk of bias. However, some meta-analyses reported
that there were trials funded by companies with marked
interests, researched by authors with vested financial inter-
ests, or lacked a priori sample size calculation and were
regarded as having a high risk of other biases.?® Overall all
meta-analyses were comprehensive in their approach to
the methodology and results assessment.

Discussion
This review has focused on body weight change as the main
outcome with probiotic use for obesity. This focus is justified
since body weight is the most relevant clinical parameter
measured for every patient in almost every clinical visit and
is easily understood by the professionals and patients. The
BMI has also been included as the main outcome as it is
widely used for a definition of normal and abnormal (over-
weight, obese) weight and is utilized by various societies for
guidelines on obesity management.'* The outcomes of waist
circumference and body fat (assessed by bioelectrical impe-
dance or dual x-ray absorptiometry) are impractical to mea-
sure outside of research. However, these have been added
since these are important for mechanistic insights into weight
reduction.

The majority of meta-analyses (11 of 14) showed
a statistically significant reduction of body weight and/or
BMI favoring probiotics compared to placebo. An average
weight loss was 0.6 kg (calculated from data for 11 studies
reporting weight loss), and the largest weight loss was
4.8 kg corresponding to 0.7% and 5.9% reductions in
body weight, respectively, assuming baseline weight of
81 kg calculated as an average for 8 studies that reported

baseline weight (Table 1). Reduction of body weight 3% to
5% is considered adequate for FDA approval of anti-
obesity medications since it results in clinically relevant
improvement of metabolic and cardiovascular
outcomes.''***" The magnitude of weight reduction of
less than 5% could be considered below the clinically
relevant level. However, notwithstanding the small effect,
probiotics use was safe and shown to be associated with
improved health outcomes, at least when probiotics were
incorporated in the food matrix.”® The meta-analysis of
prospective cohort studies showed that yogurt intake was
associated with decreased risk of T2D (~27%) and meta-
bolic syndrome (~20%).%* Comparably, fermented milk
was associated with reduced risk of combined stroke,
ischemic heart disease, and cardiovascular mortality
(~4%).%8
impact of obesity on the health of individuals and society,

Consequently, considering the overwhelming

any simple and safe addition to the standard lifestyle
weight loss program can be beneficial.

The differences among meta-analyses and specifically
the negative results of three reports could be explained by
the particulars of methodology, such as the choice of
population, trials, comparison groups, and statistical

approaches.>*>*+37

The nonsignificant results in two
reports could be explained by the small number of trials
and participants suggesting that the meta-analyses could
be underpowered.’*** The other report had several
inconsistencies.’” The report showed that waist circumfer-
ence and not BW or BMI were significantly reduced, and
the authors did not explain this discrepancy. There was
a decrease of BW and BMI in probiotic compared to the
control group, but the differences did not reach statistical
significance (p = 0.05 and = 0.11 for BW and BMI,
respectively), suggesting that inclusion or exclusion of
some trials or groups could have affected the statistical
analysis.

The synbiotics were included in the review as both pro-
biotics and synbiotics are expected to have comparable, but
not the same effects, and some meta-analyses provided the
effect of only synbiotics®' or combined effect of probiotics
and synbiotics.?” Also, at times the designation of synbiotics
varied. The meta-analysis with the largest number of RCTs
and participants reported as dedicated to probiotics included
synbiotics with fermentable fibers at a maximum dose of 1.5
g/day as the authors assumed that three times a day intake of
0.5 g fructo-oligosaccharides (FOS) would be insufficient to
exert a significant prebiotic effect.>* FOS improve probio-
tics” survival in the gastrointestinal system similar to other
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prebiotic fibers; however, the dose of prebiotics providing
relevant metabolic benefits is not well defined. The effects of
synbiotics were similar to probiotics and showed modest
reduction of body weight and BMI. Two reports with non-
significant synbiotics’ effects could be explained by the small
number of participants and likely underpowered statistics
since the effect size was small.***” The separate effect of
prebiotics analyzed in two reports appeared lower than
probiotics.***? The prebiotics administration for obesity
resulted in significant®®> or non-significant’® decrease of
~0.5 kg body weight.

The results for the subgroup analyses provided some
mechanistic insight into probiotic effects. The subgroup
analyses for the dosage showed inconsistent results sug-
gesting that the effect could be J- or U-shaped, and that
optimal dosing needed further investigation. The doses
appeared to be chosen as available in traditional cultures
for food and not based on rigorous preclinical studies. In
addition, the probiotic effect is strain-specific, therefore
each strain could have different optimal dosages.
Similarly, the specific probiotic species and strains in
food and supplements (capsules or other forms) seemed
to be chosen based on traditional foods and not based on
thorough investigations. The specificity of probiotic
strain, dosage and chosen population could potentially
introduce some bias into the outcomes and limit the gen-
eralizability of meta-analyses. The traditional foods
known for centuries to benefit health contained multiple
probiotics species and were not designed for weight
loss.?>?84243 Indeed, the probiotics in starter cultures
were associated with both weight gain and loss. For
instance, L. acidophilus administration has been linked
to weight gain, whereas L. gasseri, has been linked to
weight loss in humans and animals.”> The conventional
fermented dairy was associated with decreased risk of
T2D (~27%) and cardiovascular disease (CVD, ~4%)>®
while traditional fermented soybean (natto) was asso-
ciated with reduced mortality from CVD (~25%) and
stroke (~30%).*

The majority but not all fermented products contain
probiotic bacteria, which could explain, at least in part,
health benefits reported for these products. The traditional
probiotics lactobacilli and bifidobacteria belong to the
Generally Regarded as Safe (GRAS). Among Bacilli, an
interesting example is Bacillus subtilis. B. subtilis is
a probiotic present in the human gut, as well as such
foods as kefir, natto, miso, tempeh, and fermented
pickles.**** The studies suggested that B. subtilis played

a role in weight loss in RCT of kefir provided to over-
weight or obese premenopausal women. Compared to the
control group, kefir intake resulted in a significant weight
loss of ~2.5 kg after 8 weeks.*> Bioengineered B. subtilis
also demonstrated anti-obesity property by enhancing
butyric acid production. The administration of bioengi-
neered B. subtilis compared to wild B. subtilis resulted in
reduced food intake and lower body weight in the animal
model of obesity.*® B. subtilis was used for successful oral
delivery of injectable anti-diabetic medication GLP-1
agonist.*” In a preclinical longevity study, B. subtilis colo-
nized the nematode worm C. elegans gut and extended its
lifespan.*® The primary mechanism was likely due to the
downregulation of the insulin signaling system. This
downregulation was also a critical factor in the healthy
longevity of human centenarians.*® B. subtilis could also
be a contributing factor in reduced mortality from CVD.*?
Akkermansia muciniphila is another example of gut micro-
biota species with potential metabolic benefits in preclini-
cal studies,” including weight control and increased
thermogenesis.”’® The abundance of 4. muciniphila in the
gut is decreased in obesity and T2D.?**° In the proof-of-
concept RCT (not included in any meta-analyses), daily
oral supplementation with 10'® CFU/day of either alive or
pasteurized A. muciniphila to overweight or obese partici-
pants for 3 months was safe and improved cardiometabolic
and inflammatory markers.*>>' The trial showed that
intake of A. muciniphila compared to placebo was asso-
ciated with an average weight loss of about 2 kg (up to
4 kg). However, the differences did not reach significance
likely due to small numbers of participants (about 10 in
each of the three groups).*”>! Comparably, A. muciniphila
appeared to be part of the mechanism of weight loss after
bariatric surgery’> as well as anti-diabetic medications
metformin® and GLP-1 agonists.>*

There is vast preclinical basic and translational research
suggesting multiple and complex mechanisms for probiotic
actions in the obese state. Obesity is associated with gut
microbial dysbiosis, which could alter the host’s energy
absorption and influence intestinal permeability, inflamma-
other

tion, immunity,

14,15,19,20,

and multiple physiologic

processes. 2349 Some examples of probiotic-related

mechanisms include fermentation of non-digestible nutrients

14,15

with or without increased energy utilization, reduced

food intake,”
18,50

increased thermogenesis and energy

dissipation, and involvement of physiologically active
molecules such as gut hormones (eg, GLP-1, peptide YY,

endocannabinoids, FGF21).2%% Other mechanisms include
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short-chain fatty acids (SCFA),**> bile acids, neurotrans-
mitters (serotonin, dopamine, gamma-aminobutyric acid),
fasting-induced adipose factor, nervous system (enteric,
vagus, and brain), and various receptors and their pathways
(eg, G-protein coupled receptor 41).%° Interactions between
human and microbiota genomes are suggested by heritability
analysis®® and the association found between blood group
antigens and gut microbiota ecosystem.’’ These data are
congruent with previous results suggesting that gut micro-
biota can be a link between “nurture” and ‘“nature,” ie,
environment and genetic predisposition.'*¢°

The obesity epidemic of the present time is unique in
human evolution. Gut bacteria, including probiotics, evolved
contemporaneously with the human host with evolutional
pressure supporting cooperation (symbiosis) of bacteria and
the human host. In addition to microbiota, symbiotic coex-
istence includes multiple gut species potentially possessing
probiotic properties. Indeed, the genes of the microbiome
represent about 93% of genes in the gut microorganisms.
The rest is represented by viruses, including bacteriophages
(~5.8%), archaea (~0.8%), fungi (~0.1%), and unidentified
species (~0.3%)." The “thrifty” gene hypothesis has postu-
lated that evolutional pressure reinforced “thrifty” genes
promoting the extraction of maximum calories (ie, energy)
from food sources in both humans and gut microcosm to
increase survivability when food (ie, energy) has been scarce
(Figure 2).°*"%* The gut microcosm, however, likely contains
anti-“thrifty” anti-obesity genes yet to be identified. The
formidable task of finding novel probiotics requires resources
and innovative approaches. The concepts for consideration
could include microbiota-host interactions (for example,
according to blood type),*> adaptive thermogenesis,** hori-
zontal gene transfer,’®®” holobiont,***® and novel probiotics
from unconventional sources.®” The armamentarium of pro-
biotics could be expanded to include non-live bacteria, bac-
terial metabolites, bacteriophages, fungi, and biosynthetic
medicine

probiotics  designed to meet

20,61,70

precision
criteria.

Conclusion

The review suggests that probiotics, despite small effects,
could be a valuable addition to the armamentarium of
obesity management. As part of the gut microbiota, pro-
biotics appear to be a critical link in complex pathophy-
siological interaction networks involved in energy balance.
The small effect of probiotics on weight reduction in
randomized trials is significant yet could be deemed clini-
cally irrelevant. However, notwithstanding the slight

Evolution: Limited energy sources

v N

“Thrifty” genome “Thrifty” microbiome
(human host) (gut microbiota)

Symbiosis
Normal weight/physiology

Increased survival for human host and microbiota

2
21th Century: Unlimited energy sources
Dysbiosis

Probiotics

Return to Symbiosis

Obesity/pathology ~ Return to normal weight/physiology

l l

Decreased survival Increased survival

Figure 2 The potential role of probiotics in the fight against obesity.

decrease in body weight, probiotics’ use is safe and
shown to be associated with improved health outcomes.
Further basic and translational research and clinical trials
are required to elucidate mechanisms, and specific probio-
tic and patients’ types for the best achievable precision
medicine approach to the obesity epidemic.
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