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Objective: This study evaluated the effect of microbiome-targeted therapies (pre-, pro-, and synbiotics) on weight loss and other
anthropometric outcomes when delivered as an adjunct to traditional weight loss interventions in overweight and obese adults.
Methods: A systematic review of three databases (Medline [PubMed], Embase, and the Cochrane Central Register of Controlled
Trials) was performed to identify randomized controlled trials published between January 1, 2010 and December 31, 2020, that
evaluated anthropometric outcomes following microbiome-targeted supplements in combination with dietary or dietary and exercise
interventions. The pooled mean difference (MD) between treatment and control groups was calculated using a random effects model.
Results: Twenty-one trials with 1233 adult participants (76.4% female) with overweight or obesity were included. Separate meta-
analyses were conducted for probiotics (n=11 trials) and synbiotics (n=10 trials) on each anthropometric outcome; prebiotics were
excluded as only a single study was found. Patient characteristics and methodologies varied widely between studies. All studies
incorporated some degree of caloric restriction, while only six studies included recommendations for adjunct exercise. Compared with
dietary or dietary and exercise interventions only, probiotics resulted in reductions in body weight (MD: —0.73 kg; 95% confidence
interval [CI]: —1.02 to —0.44, p < 0.001), fat mass (MD: —0.61 kg; 95% CI: —0.77 to —0.45; p<0.001) and waist circumference (MD:
—0.53 cm; 95% CI: —0.99 to —0.07, p=0.024) while synbiotics resulted in reductions in fat mass (MD: —1.53 kg; 95% CI: —2.95 to
—0.12, p=0.034) and waist circumference (MD: —1.31 cm; 95% CI: —2.05 to —0.57, p<0.001).

Conclusion: This analysis indicates that microbiome-targeted supplements may enhance weight loss and other obesity outcomes in
adults when delivered as an adjunct to dietary or dietary and exercise interventions. Personalized therapy to include microbiome-
targeted supplements may help to optimize weight loss in overweight and obese individuals.
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Introduction

Obesity is one of the most widespread chronic diseases worldwide. According to the World Health Organization (WHO),
global rates of obesity have nearly tripled since 1975, with over 650 million adults estimated to have obesity in 2016."
Obesity was associated with 4.7 million deaths in 2017 worldwide, and by 2025, more than 1 billion adults are predicted
to be obese, with 177 million developing severe conditions.>” Excessive adiposity is associated with impaired quality of
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life and a myriad of comorbidities that collectively heighten the risk of preventable mortality.*> Identifying therapeutic
options that accelerate weight loss or reduce the consequences of obesity is therefore of great importance.

A multitude of treatment approaches have been trialed to facilitate weight loss. Obesity management often begins with
lifestyle interventions. Diet and exercise alone have been found to produce mixed results depending on the intervention, and are
linked to regaining up to half of the lost weight within the first year.® Pharmacological therapies have shown various degrees of
success in achieving weight loss but are hampered by side effects and non-compliance with therapy.” In more severe cases, and for
non-responders, escalation to bariatric surgery promotes significant weight loss and reduction in mortality but is associated with
wide-ranging adverse effects, in addition to elevated financial costs.® Therefore, additional strategies are needed to overcome the
constraints of existing therapies and yield more consistent outcomes.

Recent human and animal studies have shown that the commensal micro-organisms that make up the gut microbiome
play a significant role in the etiology of obesity by modulating hunger, satiety, nutritional absorption, metabolism, and
inflammation, among other mechanisms.” ' Disturbances to the homeostasis of the microbiota, such as through dieting,
can cause imbalances among the bacterial communities residing in the intestine.'> These imbalances, termed gut
dysbiosis, can contribute to the development of metabolic and intestinal disease by triggering chronic inflammation,
among other mechanisms.'®> Conversely, a balanced intestinal microbiome can have protective health effects, including
a role in preventing or alleviating obesity and metabolic diseases.'* Thus, implementing therapies that support microbiota
homeostasis concurrent with weight loss therapies may be beneficial to the overall health of the patient.

Further, research indicates that the gut microbiome may differ between obese and lean individuals in both composi-
tion and function. One of the most cited factors differentiating the obese and lean microbiome is the ratio of bacterial
microbiota belonging to the Firmicutes and Bacteroidetes phyla, which collectively account for around 90% of the adult
intestinal microbiota.'” In general, obese individuals have been found to have a greater proportion of Firmicutes than
Bacteroidetes phyla than lean individuals, although recent studies have questioned the validity of this ratio given the high
variability in the abundance of both phyla.'® Individuals with obesity also have a lower richness and diversity of
microbial species,!” which has been associated with low-grade inflammation and dysregulated metabolism.'® These
differences between obese and lean individuals suggest that microbiome-targeted therapies (MTTs) could be evaluated as
novel adjunct strategies in obesity management.

A broader understanding of the reciprocal relationship between the microbiome and obesity has heightened interest in
MTTs, including probiotics, prebiotics, and synbiotics. Probiotics are defined as live microorganisms that confer health
benefits to the host when administered in adequate amounts, while prebiotics are non-metabolized substances that are
selectively utilized by gut microbes and confer a health benefit."> Although fibers such as fructans (fructooligosacchar-
ides and inulin) and galactans (galactooligosaccharides) dominate the literature, recent expert consensus indicates that
other substances such as polyphenols and fatty acids could be considered prebiotics if demonstrated to exert beneficial
effects in the host."” The synergistic combination of both probiotics and prebiotics has been termed synbiotics.

Diet is the primary medium for microbial metabolism and accordingly plays a significant role in shaping an individual’s
microbiome. Dietary changes can have a considerable and sustained effect on the composition of the microbiome, and alterations
in the microbiome, in turn, may influence the absorption, breakdown, and storage of nutrients. 11,18.20 Additionally, compositional
differences in gut microbiota contribute to individual differences in the metabolic responses to specific foods.”'** These
differences have been associated with differential weight loss in response to certain diets.”> For example, two recent studies of
overweight adults found that individuals with high Prevotella/Bacteroides ratios at baseline lost more weight and body fat after 6
months on a high-fiber dietary intervention compared to individuals with low Prevotella/Bacteroides ratio.”** Likewise,
a metagenomic study that stratified obese individuals by the genomic profiles of their gut microbiota observed a more favorable
response in inflammation variables following dietary intervention among individuals with greater baseline microbial diversity.'®
As insights into the role of the intestinal microbiome in obesity grow, the possibility of managing weight through modulation of
the gut microbiome becomes an increasingly appealing strategy.

The use of MTTs as a preventative and treatment strategy for a range of chronic diseases, including obesity, has been
steadily increasing.”> Clinical studies have shown an association between probiotics and reductions in body weight and
other anthropometric measures,” between prebiotics and appetite suppression, reduced food intake, and altered compo-
sition and function of the gut,”’ and between synbiotics and reductions in body mass index (BMI), waist circumference
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and hip circumference.”® Thus far, the positive outcomes observed in these studies suggest that continued exploration of
MTTs is worthwhile for obesity management programs.

Given the complexity of obesity and the interconnected physiological mechanisms controlling weight and appetite,
a combination of therapies may conceivably be more effective than a single strategy. A recent systematic review and meta-
analysis demonstrated that the combination of exercise and dietary interventions was more effective for weight loss over the long
term than either strategy alone.*” Likewise, combination pharmacotherapy that uses medications with complementary modes of
action may outperform the same treatments administered individually.*® Recent studies demonstrate that MTTs can promote
weight loss in individuals with overweight and obesity. Still, as far as we are aware, no review has been conducted on the potential
benefit of delivering these therapies as an adjunct to traditional weight loss interventions (exercise and diet) in humans. Therefore,
this systematic review and meta-analysis aimed to evaluate the extent to which MTTs amplify the effects of traditional weight loss
interventions for the treatment of overweight and obesity in adults.

Methods
Search Strategy

This study was undertaken in accordance with the PRISMA guidelines for reporting systematic reviews and meta-
analyses.”’ A comprehensive search of Medline (PubMed), Embase, and the Cochrane Central Register of Controlled
Trials was conducted for randomized controlled trials (RCTs) published between January 1, 2010 and December 31,
2020. The search strategy combined the controlled vocabulary terms for each concept alongside key word synonyms
using Boolean operators. Reference lists of included studies and relevant reviews were also searched by hand to identify
additional studies meeting eligibility criteria not captured by the database search. The complete search strategy can be
found in the Supplementary Box S1.

Inclusion Criteria

We included studies of adults with overweight or obesity (BMI > 25) aged 18 or older that were published in English,
administered an MTT (prebiotics, probiotics, or synbiotics) as an intervention for obesity in conjunction with a dietary
and/or exercise weight loss intervention, and included at least one of the following indices or measures of obesity: BMI,
body weight, fat mass, or waist circumference, collected at baseline and end-of-treatment. We excluded studies that
included pregnant females, the use of anti-obesity medications, or participants that had undergone bariatric surgery. Only
original studies in which the full-text could be retrieved were included.

Data Extraction and Study Selection
The initial screening by title and abstract was performed by one reviewer (TP) and added to a database prepopulated with
inclusion and exclusion criteria. A second reviewer (KW) independently assessed all entries marked for inclusion by the
first reviewer, as well as a random subset of 50 entries marked for exclusion. Full-text review and data extraction were
performed by two reviewers (TP and KW). In all stages, disagreements were resolved by discussion and consensus.

A structured data extraction form (Supplementary Table S1) was used for collecting relevant information from the

selected studies. Data were extracted on participant characteristics, study design, study subgroups, type and dose of MTT,
type and details of the secondary (exercise and/or diet) intervention, duration of treatment, and outcomes of interest.

Risk of Bias Assessment
To assess the internal quality of RCTs, the Cochrane Collaboration’s tool for assessing the risk of bias (RoB-2) was
applied to each included study.>* The RoB-2 tool assessed the areas of sequence generation, allocation concealment, the
blinding of participants and personnel, the blinding of outcomes, incomplete outcome data, selective reporting, and other
potential biases. The potential risk of bias for each domain was graded as some, low, or high risk.

Authors of all trials selected for inclusion were contacted to request a copy of their statistical analysis plan and
additional information on other unclear domains in the RoB-2. Only two authors responded to our request in the time
given (six weeks), and our analysis for these studies was updated accordingly.
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Statistical Analysis

Effect Size

All analyses were conducted in R version 4.0.4 using the “meta” package.>*>* Separate analyses were conducted for
probiotics and synbiotics for each anthropometric measure (BMI, body weight, fat mass, and waist circumference) with
sufficient data (n> 5 studies) for pooling. Prebiotics administered alone as a treatment were included in a single study and
were therefore omitted from further analysis.

The effect size was used to determine the change between the baseline and post-intervention measures for treatment and
control groups. Each anthropometric outcome was assessed using the mean difference (MD; ie the difference of the means) +
standard deviation (SD). Where provided, these values were taken directly from studies; otherwise, MD was calculated by
subtracting the post-treatment mean from the baseline mean for each group and the SD was calculated using SD¢pange =
(SDbase2 + SDfinal” — (2 x Corr x SDpgee X SDﬁnal)”2 (where base = baseline and final = post-treatment). In instances where
within-group SD (ie SDy,s. and SDg,.1) Was not provided, these values were estimated from the reported confidence intervals

12 x (upper CI — lower CI) / t-statistic (where the t-statistic

was determined from t distribution tables for the appropriate degrees of freedom); and SD = SE x (N)"2,

(CIs) or standard errors using the following formulas: SD = (N)

The Corr (ie correlation coefficient) value used in the SDpange €stimation was set to 0.5, as there were very few studies
included in our meta-analysis that reported SDpange from which to reliably estimate the correlation coefficient.® To assess the
effect of the correlation coefficient on the final pooled effect size, we also estimated SDpange for studies that did report it using
a correlation coefficient of 0.2 and then 0.8, and re-ran the pooled effect size analysis using both scenarios. A visual inspection of
the resulting forest plots showed that increasing or decreasing the correlation coefficient had a minimal effect on the pooled effect
sizes.

The effect sizes were pooled between studies to assess the overall difference between treatment and control groups for
each anthropometric outcome. Pooled MD was calculated using a random effects model using the Paule and Mandel
estimator, as recommended for continuous data.*® Pooled effect sizes were reported as pooled MD (lower 95% CI, upper
95% CI). We calculated the percent change for each anthropometric measure using the pooled mean and SD values for
both probiotics and synbiotics.

Sensitivity Analysis

The SD of change used to calculate the effect size tended to be larger than the SDs directly reported in the included
studies. This resulted in the studies that reported SDs being assigned a greater weight in the pooled effect sizes.
Therefore, a leave-one-out sensitivity analysis was also conducted for each anthropometric outcome to assess the
influence of individual studies on the overall effect size.

Heterogeneity and Publication Bias

Between-study heterogeneity was evaluated using the /- square (/) test and through visual inspection of the forest plots.

We considered heterogeneity to be low, moderate, or high where I was greater than 25%, 50%, and 75%, respectively.®’
Small study publication bias was evaluated through visual inspection of funnel plots and Egger’s test of regression for

analyses that included ten or more studies. Analyses including fewer than ten studies are underpowered to distinguish

chance from real asymmetry.*®

Results
Study Selection

In total, 4502 records were identified in a combined search of electronic databases and reference lists. After removing
duplicates and initial title and abstract screening, 30 records remained and were assessed for eligibility by full-text
review. Of these, 22 RCTs met the criteria for inclusion in this report, and 21 were included in meta-analyses (Figure 1).
The remaining study not included in the meta-analysis was the single record for prebiotics.

Fifteen of the included studies were double-blinded RCTs, four were single-blinded RCTs, one was triple-blind, and
two were unblinded. Probiotics and synbiotics were evaluated alongside traditional weight loss therapy in 11 and 10
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Total records identified (n=4502)
* Records identified through database searching (n=4492)
* Records identified through other sources (n=10)
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Unique records screened (n=3987)
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e Records excluded based on title or
abstract (n=3957)

'

Full-text articles assessed for eligibility (n=30)

Full-text articles excluded (n=8):

* No adjunct exercise or diet (n=1)
— e Full text unavailable (n=1)

* No measure of weight change (n=1)
* Duplicate article or data set (n=3)

* Involved a surgical intervention (n=1)
* Included anti-obesity medicines (n=1)

Eligibility

Studies included in narrative synthesis (n=22)

Excluded single RCT found on prebiotics
in meta-analysis

Included

Studies included in meta-analysis (n=21)

Figure | Flowchart of study selection. Preferred Reporting in Systematic Reviews and Meta-analyses (PRISMA) flowchart showing the study selection process.

studies, respectively. Selected studies were conducted in Iran (n=10), Brazil (n=2), Canada (n=2), Poland (n=2), Italy
(n=2), Korea (n=1), Estonia (n=1), Spain (n=1), and the USA (n=1).

General Characteristics of Studies

The primary characteristics of the included studies are described in Table 1. A total of 1233 participants were included
across all studies, with a sample size ranging from 28 to 105 participants (mean=56.1 + 22.4). All participants were >18
years old (mean age: 41.7 + 8.9 years) with BMI > 25 in all cases (weighted mean BMI: 32.6 + 3.5 kg/m?). Three-
quarters of all participants were female (76.4%). The majority of studies (n=13) included healthy participants without any
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Table | Characteristics of Included Studies

65% female;
Attrition: 27.4%

min of high-intensity
exercise per week +
behavioural aspects, such as
goal setting

First Study Study Participant Microbiome-Targeted Therapy Dietary/Exercise Groups Significant
Author, Design Duration and | Characteristics | and Details Intervention Anthropometric
Year, Stages (mean £ SD) Outcomes (at the End of
Reference, Treatment)
Country
Prebiotics
Vaghef- Randomized, | 8 weeks 45 obese women | Prebiotic: Inulin (10 g/day sachet 25% calorie-restricted diet | A) Prebiotic + Reduced **BW, **BM|,
Mehrabany double-blind, with the major dissolved in water) with meal plan, composed | hypocaloric diet #*¥WC, and ¥**HC in both
2019°' Iran placebo- depressive of 55%/ 15%/ 30% (n=22) groups, but NS differences
controlled disorder; carbohydrate/ protein/ fat B) Placebo + between groups.
study Age: 387 + 7.8 hypocaloric diet Reduced ***FM in group
years; (n=23) A only, but NS difference
BMI: 34.02 between groups.
3.9 kg/m?%;
100% female;
Attrition: 27.4%
Probiotics
Banach Randomized, 12 weeks 54 healthy Probiotic: 250 g/day yogurt containing | Individualized weight loss A) Probiotic + Reduced *BW and *FM in
2020%* Poland | single-blind, overweight and Lactobacillus acidophilus LA-5 and program with hypocaloric weight loss both groups, but NS
placebo- obese adults; Bifidobacterium lactis BB-12 diet (500-800 Kcal/day program (n=27) difference between groups.
controlled Age: 345 + 10.0 reduction; 45-60%/ 15— B) Weight loss
study years; 25%/ 25-35% carbohydrate/ | program only
BMI: 349 + protein/ fat) + (n=27)
3.9 kg/m?%; 150 min of moderate or 75
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Doria 2013* | Randomized, | 90 days 40 healthy slightly | Probiotic: 25 mL of dietary Hypocaloric diet (300 Kcal/ | A) Probiotic + diet | Greater reductions in **BW,
Italy double-blind, | (measurements | overweight supplement containing Lactobacillus casei | day reduction) (n=20) FEM, FEWC, #HTC, and
placebo- taken at 30, 60, | women; (7.5 x 108), Lactobacillus acidophilus (7.5 B) Placebo + diet | **BC in group A compared
controlled and 90 days) Age: 414 +78 x 108) and other nutrients (phloridzin, (n=20) with group B.
study years; isoflavones (puerarin 67%, daidzin 0.5%,
BMI: not given; daidzein 1.6%, genistein 0.4%)
100% female;
Attrition: 0%
Gomes Randomized, | 8 weeks 43 healthy Probiotic: 4 sachets daily, each Normocaloric diet (25-30 | A) Probiotic Greater reduction in *WC in
2015* Brazil double-blind, overweight or containing Lactobacillus acidophilus LA-14, | kcal/kg; energy intake sachets + diet group A compared with B.
placebo- obese adults; Lactobacillus casei LC-11, Lactococcus according to expected BW | B) Placebo sachets | Reduced *FM in group A only,
controlled Age: 20-59 years; | lactis LL-23, Bifidobacterium bifidum BB- for height) + maintenance + diet but NS difference between
study BMI: 32.5 + 06, and Bifidobacterium lactis BL-4 (2 of pre-trial physical activity groups.
4.4 kg/m?; x 10'° CFU/day total)
100% female;
Attrition: 28.3%
Kim et al Randomized, 12 weeks 90 healthy Probiotic: 1600 mg/day of low dose Hypocaloric diet (200 kcal/ | A) Low-dose Greater reduction in *FM in
2018 Korea | double-blind, overweight and (10° CFU) or high dose (10'° CFU) day reduction) + increased | probiotic (10° groups A and B compared
placebo- obese adults; Lactobacillus gasseri BNR17 (BNR-H) energy expenditure (100 CFU) + diet/ with C.
controlled Age: 384 + 9.8 kcal/day) exercise plan Reduced *WC in groups A &
study years; (n=30) B, but NS difference between
BMI: 28.4 + B) High dose groups.
2.5 kg/m?; probiotic (10'°
70% female; CFU) + diet/
Attrition: 14.4% exercise plan
(n=30)

C) Placebo + diet/
exercise plan
(n=30)

(Continued)
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Table 1 (Continued).

First Study Study Participant Microbiome-Targeted Therapy Dietary/Exercise Groups Significant
Author, Design Duration and | Characteristics | and Details Intervention Anthropometric
Year, Stages (mean £ SD) Outcomes (at the End of
Reference, Treatment)
Country
Madjd 2016>” | Randomized, | 12 weeks 89 healthy Probiotic: 400 g/day of probiotic Hypocaloric diet (5001000 | A) Probiotic Reduced **BM, **BMI, and
Iran double-blind, overweight and yogurt containing Lactobacillus keal/day reduction) + yogurt + **WC in both groups, but NS
controlled obese women; acidophilus LAS and Bifidobacterium lactis | physical activity (gradual hypocaloric diet + | difference between groups.
study Age: 32.0 + 6.8 BBI2 (I x 107 CFU) increase to 60 min of exercise (n=44)
years; moderate exercise 5 days/ B) Yogurt (no
BMI: 32.1 + week) probiotic) +
3.6 kg/m?%; hypocaloric diet +
100% female; exercise (n=45)
Attrition: 9%
Narmaki®? Randomized, | 2 phases of 6 62 obese women | Probiotic: Capsules containing 6 Personalized hypocaloric A) Probiotic + Reduced **BW, ¥*BM|,
Iran double-blind, | weeks: with food species: Lactobacillus acidophilus (1.8 diet (300-500 Kcal/day hypocaloric diet FEWC, ¥H¥WHR, **BF and
placebo- Phase |: addiction; x 10° CFU/capsule), Bifidobacterium reduction; approx. 55%/ (n=31) **TF in group A compared
controlled reduced calorie | Age: 33.2 + 6.5 bifidum (1.8 x 10° CFU/capsule), 15%/30% carbohydrate/ B) Placebo + with group B.
study diet only years; Bifidobacterium lactis (1.8 x 10° CFU/ protein/ fat) hypocaloric diet
Phase 2: BMI: 344 + capsule) Bifidobacterium longum (1.8 (n=31)
reduced calorie | 2.9 kg/m?; x 10° CFU/capsule), Lactobacillus

diet + capsules

100% female;
Attrition: 8%

rhamnosus (1 x 10° CFU/capsule), and
Lactobacillus reuteri (1 x 10° CFU/
capsule)
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Omar 2013% | Randomized, | 3 Phase of 43 28 healthy Probiotic: 100 g/day yogurt containing | Hypocaloric diet containing | A) Yogurt Reduced *FM in all groups,
Canada double-blind, | days, separated | overweight and 10 g of Lactobacillus amylovorus (1.39 50%/ 15%/ 35% containing but NS difference between
placebo- by a washout obese adults; x 10° CFU) and 10 g of Lactobacillus carbohydrate/ protein/ fat Lactobacillus groups.
controlled, period of 6 Age: 463 + 2.4 fermentum (1.08 x 10° CFU) fermentum +
cross-over weeks years; hypocaloric diet
study BMI: 31.6 (n=14)
0.7 kg/m?; B) Yogurt
64% female; containing
Attrition: not Lactobacillus
given amylovorus +
hypocaloric diet
(n=12)
C) Regular yogurt
+ hypocaloric diet
(n=12)
Razmpoosh Randomized 8 weeks 65 overweight Probiotic: 50g/day pasteurized liquid Hypocaloric diet (500 kcal/ | A) Probiotic + Reduced **BW, **BM],
2019* Iran controlled and obese probiotic Kashk containing Lactobacillus | day reduction; approx. 58%/ | hypocaloric diet *BFM, **BFP, and *WC in
study women; acidophilus La5 (1.85 x 10° CFU/g) and 15%/ 27% carbohydrate/ (n=32) group A compared with
Age: 365 + 8.0 Bifidobacterium lactis Bb12 (1.79 x 10° protein/ fat) B) Hypocaloric group B.
years; CFU/lg) diet only (n=33) NS between-group
BMI: 31.5 differences in FFM.
4.6 kg/m?;
100% female;
Attrition: 7%
Sharafedtinov | Randomized, | 3 weeks 36 obese adults, Probiotic: 50 g/day of probiotic cheese | Hypocaloric diet (1512 A) Probiotic Reduced *BMI and *WHR in
2013% parallel, with metabolic containing Lactobacillus plantarum keal/day) cheese + group A compared with
Estonia double-blind, syndrome; Age: TENSIA hypocaloric diet group B.
placebo- 51.9 + 11.2 years; (n=25) NS between-group
controlled BMI: 37.2 B) Regular cheese | differences in BW and FM.
pilot study 42 kg/m?; (no probiotic) +

68% female;
Attrition: 10%

hypocaloric diet

(n=11)

(Continued)
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Table 1 (Continued).

First Study Study Participant Microbiome-Targeted Therapy Dietary/Exercise Groups Significant
Author, Design Duration and | Characteristics | and Details Intervention Anthropometric
Year, Stages (mean £ SD) Outcomes (at the End of
Reference, Treatment)
Country
Zarrati Randomized, | 8 weeks 56 obese or Probiotic: 200 g/day yogurt containing | Hypocaloric diet (500 kcal/ | A) Probiotic + Reduced **BFP in group
2018% Iran double-blind, overweight Lactobacillus acidophilus LAS, Lactobacillus | day reduction; 55-60%/ 12— | hypocaloric diet + | A compared with group B.
placebo- individuals; casei DNOOI, and Bifidobacterium lactis 15%/ 30-35% carbohydrate/ | exercise (n=26) NS between-group
controlled Age: 36.1 £9.0 Bbl2 (I x 10® CFU/g each) protein/ fat) + 3045 B) Regular yogurt | differences in BW, BMI, or
study years; minutes walking 3-5 times/ | + hypocaloric diet | WC.
BMI: 32.1 + week + exercise (n=30)
4.4 kg/m?,
70% female;
Attrition: 6.7%
Zarrati Randomized, | 8 weeks 75 healthy Probiotic: 200 g/day probiotic yogurt | Hypocaloric diet (details A) Probiotic Reduced ***BW, ***BM)|, and
2014% Iran double-blind, overweight and containing Lactobacillus acidophilus La5 not provided) yogurt + ***WC in group A compared
controlled obese adults; (I x 107 CFU/mL), Bifidobacterium BB12, hypocaloric diet with group B and group
study Age: 35.7 £ 89 and Lactobacillus casei DNOO! (I x 107 (n=25) C compared with group B.
years; CFU/mL) B) Probiotic
BMI: 33.2 yogurt only (n=25)
5.7 kg/m?; C) Regular yogurt
68% female; + hypocaloric diet
Attrition: 0% (n=25)
Synbiotics
Eslamparast Randomized, | 28 weeks 38 adults with Probiotic: Capsule containing 2% 10° Hypocaloric diet (500-1000 | A) Synbiotic NS within- or between-group
20148 Iran double-blind, metabolic CFU of seven strains (Lactobacillus casei, | kcal reduction) + 20-30 capsule + diet + differences in BMI and WC.
placebo- syndrome; Lactobacillus rhamnosus, Streptococcus min of high-intensity exercise (n=19)
controlled Age: 46.8 + 9.5 thermophilus, Bifidobacterium breve, exercise 3—4 day/week (or | B) Placebo capsule
pilot study years; Lactobacillus acidophilus, Bifidobacterium more) + diet + exercise
BMI: 31.8 £ longum and Lactobacillus bulgaricus) (n=19)
2.5 kg/mz; Prebiotic: 250mg FOS

60.5% female;
Attrition: 0%
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Eslamparast Randomized, | 28 weeks 52 adults with Probiotic: Capsule containing 2x10° Hypocaloric diet (500-1000 | A) Synbiotic Reduced *BMI and *WHR in
2014b* Iran double-blind, non-alcoholic CFU of seven strains (Lactobacillus casei, | kcal reduction) + 20-30 capsule + diet + both groups, but NS
placebo- fatty liver disease; | Lactobacillus rhamnosus, Streptococcus min of high-intensity exercise (n=26) differences between groups.
controlled Age: 46.0 + 9.2 thermophilus, Bifidobacterium breve, exercise 3—4 day/week (or | B) Placebo capsule
pilot study years; Lactobacillus acidophilus, Bifidobacterium more) + diet + exercise
BMI: 31.7 longum and Lactobacillus bulgaricus) (n=26)
2.4 kg/m?; Prebiotic: 250mg FOS
92.6% female;
Attrition: 7.7%

Ferolla 2016% | Randomized, | 3 months 50 adults with Probiotic: 2 capsules of Lactobacillus Hypocaloric diet (1500/ A) Synbiotic Reduced *BW, *BMI, and
Brazil controlled, non-alcoholic reuteri (I x 108 CFU) 1800 kcal for women/ capsule + diet **WC in Group A but not
single-blind fatty liver disease; | Prebiotic: 4g partially hydrolyzed guar | men —a 500—-1000 kcal (n=27) group B.

study Age: median=57.3 | gum and inulin reduction) B) Placebo capsule
years + diet (n=23)
BMI: 32.5
4.0 kg/m?;
76% female;
Attrition: 0%
Gutiérrez- Randomized, | 2 x 2-month 33 obese patients; | Phase | Phase |: Very-low-calorie A) Synbiotics Reduced *BW in group
Repiso 2019%7 | single-blind, stages: Age: 454 + 104 Probiotic: Bifidobacterium lactis, Ketogenic Diet (PnK during both phases | B compared with group A.
Spain parallel study | Phase I:2 years; Lactobacillus rhamnosus, Bifidobacterium method, 600-800 kcal/day) | (n=15)
months very- BMI: 32.9 + longum ES| Phase 2: low-calorie diet B) Placebo during
low-calorie diet | 1.6 kg/m?; Prebiotic: Prebiotic fibre (unspecified) | (800—1500 kcal/day) very-low-calorie
Phase 2: 2 61% female; Phase 2 diet phase and
months of Attrition: not Probiotic: Bifidobacterium lactis synbiotic during

a low-calorie

diet

given

Prebiotic: prebiotic fibre (unspecified)

low-calorie-diet
phase (n=9)

C) Placebo during
both phases (n=9)

(Continued)
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Table | (Continued).

First Study Study Participant Microbiome-Targeted Therapy Dietary/Exercise Groups Significant
Author, Design Duration and | Characteristics | and Details Intervention Anthropometric
Year, Stages (mean £ SD) Outcomes (at the End of
Reference, Treatment)
Country
Janczy 2020*' | Randomized, | 12 weeks 56 obese patients; | Probiotic: Probiotic capsules Hypocaloric diet (500 kcal | A) Synbiotic + Reduced ***BW, ***BM]|, and
Poland single-blinded Age: 372 + 15.6 (Bifidobacterium lactis >2.8 x 108, reduction; 45-55%/ 20— hypocaloric diet **FM in both groups, but NS
study years; Lactobacillus acidophilus =1.2 x 108, 25%/ 25-30% carbohydrate/ | (n=36) difference between groups.
BMI: 33.8 Lactobacillus paracasei 0.9 x 102, protein/ fat + maintenance B) Placebo +
7.0 kg/m?; Lactobacillus plantarum =1.1 x 108 of pre-trial physical activity | hypocaloric diet
75% female; Lactobacillus salivarius 20.9 x 10%, (n=20)
Attrition: 5.1% Lactobacillus lactis =1.1 x 10%)
Prebiotic: 9.6 g FOS, 110.4 g inulin
Malaguarnera | Randomized, | 6 months 66 males and Probiotic: Bifidobacterium longum W11 | Lifestyle modification A) Synbiotic + Reduced *BMI in both groups
2012% Italy parallel, females with (5 x 10° CFU) program, including mild lifestyle but NS difference between
double-blind, excess weight and | Prebiotic: 2.5 g FOS physical training + 1600 modification groups.
placebo- non-alcoholic kcal/day diet (n=34)
controlled fatty liver disease; B) Lifestyle
study Age: 468 + 55 modification only
years; (n=32)
BMI: 27.3
1.3 kg/m?
50% female;
Attrition: 0%
Mohammadi- Randomized, 10 weeks 90 overweight or | Probiotic: Fortified yogurt containing | Hypocaloric diet (500 kcal/ | A) 2 daily servings | Reduced *FM in group
Sartang parallel, obese adults with | Bifidobacterium lactis Bb-12 (107 CFU/g) | day reduction) + of fortified yogurt | A compared with group B.
2019* Iran double- metabolic Prebiotic: 3 g inulin maintenance of pre-trial + hypocaloric diet
blinded study syndrome; + 5g whey + 5 mg calcium + 500 [U physical activity (n=44)
Age: 455 + 8.8 vitamin D3 per serve B) 2 daily servings
years; low-fat yogurt +
BMI: 30.4 hypocaloric diet
2.4 kg/m?; (n=45)

59% female;
Attrition: 3.3%
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maintenance

57% female;
Attrition: not

given

Rabiei 2015% | Randomized, | 12 weeks 40 adults with Probiotic: 2 capsules daily containing Diet based on ideal weight | A) 2 synbiotic Reduced **BMI, **WC, and
Iran triple-blind, metabolic 2% 108 CFU Lactobacillus casei, + maintenance of pre-trial capsules daily + **HC in both groups but NS
controlled syndrome; Lactobacillus rhamnosus, physical activity personalized diet differences between groups.
study Age: 59.0 £ 7.6 Streptococcus thermophilus, plan (n=20)
years; Bifidobacterium breve, Lactobacillus B) 2 placebo
BMI: 32.4 acidophilus, Bifidobacterium longum, capsules daily +
4.7 kg/m?; Lactobacillus bulgaricus personalized diet
69.6% female; Prebiotic: FOS plan (n=20)
Attrition: 13%
Sanchez Randomized, | 6 months: 105 healthy obese | Probiotic: Lactobacillus rhamnosus Phase |: Personalized diet A) 2 synbiotic Reduced *BW and *FM in
2014%° double-blind, | Phase I: 12- adults; CGMCCI.3724 (1.62 x 108 CFU) plan with a 500 kcal/day capsules daily + group A females compared
Canada placebo- weeks of weight | Age: 36.0 = 10 Prebiotic: Oligofructose and inulin reduction personalized diet with group B females in both
controlled loss years; Phase 2: Personalized diet plan (n=62) stages (NS difference when
study Phase 2: 12- BMI: 36.0 + plan without energy B) 2 placebo considering males and females
weeks of weight | 2.2 kg/m?%; reduction capsules daily + together).

personalized diet
plan (n=63)

NS differences in BW and FM
in men in either group at
either stage.

Sergeev 2020
70 USA

Randomized,
placebo-
controlled

study

12 weeks

20 overweight or
obese adults;
Age: 474 £ 123
years;

BMI: 33.5 £ 5 kg/
m?;

75% female;
Attrition: 0%

Probiotic: Probiotic capsules
containing 15%10° CFU (Lactobacillus
acidophilus DDS-1, Bifidobacterium lactis
UABIa-12, Bifidobacterium longum
UABI-14, and Bifidobacterium bifidum
UABb-10)

Prebiotic: Trans-galactooligosaccharide

Energy restricted diet
recommended (low-
carbohydrate, high-
protein) — did not track
adherence

A) Synbiotic +
hypocaloric diet
recommendations
(n=10)

B) Placebo +
hypocaloric diet
recommendations

(n=10)

NS difference in BW, BMI, FM,
and BFP within or between

groups.

Notes: Significance is denoted by *p<0.05, **p<0.01, or ***p<0.001. Sample size refers to the number of participants included in the final analysis.
Abbreviations: BC, buttock circumference; BF, body fat; BFM, body fat mass; BFP, body fat percentage; BMI, body mass index; BW, body weight; FFM, fat-free mass; FM, fat mass; HC, hip circumference; NS, non-significant; TC, thigh

circumference; TF, trunk fat; WC, waist circumference; WHR, weight-to-height ratio.
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major underlying health conditions. However, a subset of studies included patients with non-alcoholic fatty liver disease
(n=3), metabolic syndrome (n=4), food addiction (n=1), and major depressive disorder (n=1).

Studies ranged in duration from three weeks to seven months, with a mean duration of 13.8 + 7.1 weeks. Of the 21
studies that included a probiotic (either on its own or as part of a synbiotic), 19 included Lactobacillus species, 14
included Bifidobacterium species, one included Lactococcus species, and three included Streptococcus species. By
frequency for each genus, these were Lactobacillus acidophilus (n=13), casei (n=7), rhamnosus (n=6), bulgaricus
(n=3), plantarum (n=2), reuteri (n=1), gasseri (n=1), fermentum (n=1), paracasei (n=1), and salivarius (n=1);
Bifidobacterium lactis (n=10), longum (n=7), bifidum (n=4), and breve (n=3); and Streptococcus thermophilus (n=3),
and Lactococcus lactis (n=1).

Of the eleven studies that included a prebiotic (either on its own or as part of a synbiotic), six used fructooligo-
saccharides, four used inulin, one used guar gum, and one used trans-galactooligosaccharide. MTT was most often
administered in the form of capsules (n=10), followed by yogurt (n=6), liquid preparations (n=5), and cheese (n=1).

All studies incorporated some degree of caloric restriction into their intervention. Where the amount was specified,
reductions ranged from 200-1500 kcal/day. Seven studies reported specific macronutrient distributions, with carbohy-
drate-protein-fat ratios ranging from 45-60% carbohydrate, 12-25% protein, and 25-35% fat. Six studies included

recommendations for adjunct exercise,®”**

4548

while four studies explicitly requested participants to avoid altering their
normal pattern of physical activity.

The Effect of Probiotic Supplementation on Obesity Outcomes

The effects of probiotic supplementation as an adjunct to diet and/or exercise programs for weight loss were examined in
11 RCTs. Meta-analyses were performed for 11 trials (n=309) for body weight, 9 trials for BMI (n=261), 7 trials for fat
mass (n=174), and 8 trials for waist circumference (n=229). Forest plots for all analyses are presented in Figure 2. Meta-
analyses indicated a reduction in body weight (MD: —0.73 kg; 95% CI: —1.02 to —0.44, p < 0.001), fat mass (MD:
—0.61 kg; 95% CI: —0.77 to —0.45; p<0.001), and waist circumference (MD: —0.53 cm; 95% CI: —0.99 to —0.07, p=0.024)
after probiotic supplementation and exercise/diet compared to control participants receiving exercise/diet only. The
pooled effect size for BMI was not statistically significant. The * values were all below our low-heterogeneity criteria
(body weight: ’=14%, p=0.31; BMI: ’=0%, p=0.5; fat mass: ’=0%, p=1; waist circumference: I°=0%, p=0.67).

Compared to controls, the percentage change in the treatment group was 0.29% greater for body weight (treatment:
4.16%; control: 3.86%), 0.42% greater for BMI (treatment: 4.28%; control: 3.86%), 1.03% greater for waist circumfer-
ence (treatment: 4.81%; control: 3.78%), and 1.67% greater for fat mass (treatment: 6.47%; control: 4.80%).

The leave-one-out sensitivity analysis suggested that studies with high weightings in the pooled MD did influence the
pooled results; however, the pooled effect sizes when the highest weighted study was removed from the analysis
suggested that body weight, fat mass, and waist circumference were still reduced after supplementation compared to
the control group (Supplementary Figure S1).

The Effect of Synbiotic Supplementation on Anthropometric Outcomes

The effects of synbiotic supplementation as an adjunct to diet or exercise programs for weight loss was examined in 10
RCTs. Meta-analyses were performed for 7 trials for body weight (n=197); 9 trials for BMI (n=231); 5 trials for fat mass
(n=150) and 6 trials for waist circumference (n=135). Forest plots for all analyses are presented in Figure 3. Meta-
analyses indicated a reduction in fat mass (MD: —1.53 kg; 95% CI: —2.95 to —0.12, p=0.034) and waist circumference
(MD: —-1.31 cm; 95% CI: —2.05 to —0.57, p<0.001) after synbiotic supplementation with exercise/diet compared to
control participants receiving exercise/diet only. However, the pooled effect sizes for the reduction in body weight and
BMI had non-statistically significant p-values. The /* values were all below our low-heterogeneity criteria (body weight:
12:0%, p=1.0; BMI: [220%, p=1.0; fat mass: ]2:0%, p=1; waist circumference: 12:0%, p=0.5).

Compared to controls, the percentage change in the treatment group was higher by 1.13% for body weight (treatment:
5.96%; control: 4.82%), 1.63% for waist circumference (treatment: 5.29%; control: 3.66%), and 4.32% for fat mass
(treatment: 13.95%; control: 9.63%). The percentage change for BMI was 0.11% greater in the control group (treatment:
4.31%; control: 4.42%).
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A Treatment Control
Study n Mean SD n Mean SD Mean Difference MD 95%-Cl Weighted
Banach (2020) 27 -559 2049 27 -471 1371 -0.88 [-10.18; 8.42] 0.1%
Narmaki (2020) 31 -6.70 9.95 31 -3.10 10.90 -3.60 [-8.80; 1.60] 0.3%
Razmpoosh (2019) 32 -400 250 33 -400 9.00 0.00 [-3.19; 3.19] 0.8%
Kim (2018) 30 0.00 1393 30 040 1381 -040 [-7.42; 6.62] 0.2%
Zarrati (2018) 26 -191 152 30 -1.78 205 —— -0.13  [-1.07; 0.81] 9.2%
Madjd (2016) 44 -530 120 45 -503 093 - -0.27 [-0.72; 0.18] 35.9%
Zarrati (2014) 25 -423 7.00 25 -487 10.88 0.64 [-4.43; 5.71] 0.3%
Omar (2013) treatment 1 14 -2.60 1291 14 -190 11.97 -0.70 [-9.92; 8.52] 0.1%
Omar (2013) treatment2 14 -1.80 1124 14 -1.90 11.97 0.10 [-8.50; 8.70] 0.1%
Sharafedtinov (2013) 25 -570 1538 15 -4.40 13.88 -1.30 [-10.56; 7.96] 0.1%
Doria (2013) 20 -325 040 20 -210 0.70 -1.15  [-1.50; -0.80] 52.7%
Gomes (2017) 21 -098 1009 22 -096 13.23 -0.02 [-7.03; 6.99] 0.2%
Random effects model 309 306 & -0.73 [-1.02; -0.44] 100.0%
Prediction interval - [-1.12; -0.34]
Heterogeneity: 1% = 14%, ©* = 0.0089, p=0.31 I J T !

-10 -5 0 5 10

B Treatment Control
Study n Mean SD n Mean SD Mean Difference MD 95%-Cl Weighted
Banach (2020) 27 -189 434 27 -161 3.10 -0.28 [-2.29; 1.73] 1.4%
Narmaki (2020) 31 -250 296 31 -1.10 270 -1.40 [-2.81; 0.01] 2.8%
Razmpoosh (2019) 32 -150 1.00 33 -094 0.75 —E— -0.56 [-0.99; -0.13] 29.5%
Kim (2018) 30 0.10 416 30 0.10 3.89 0.00 [-2.04; 2.04] 1.3%
Zarrati (2018) 26 -095 057 30 -093 0.59 - -0.02 [-0.32; 0.28] 59.2%
Madjd (2016) 44 -206 3.18 45 -197 3.90 -0.09 [-1.57; 1.39] 2.5%
Zarrati (2014) 25 -155 317 25 -190 3.32 - 0.35 [-1.45; 2.15] 1.7%
Sharafedtinov (2013) 25 -2.00 4.07 15 -160 4.25 -0.40 [-3.08; 2.28] 0.8%
Gomes (2017) 21 -045 393 22 -072 461 n 0.27 [-2.29; 2.83] 0.8%
Random effects model 261 258 <> -0.22 [-0.45; 0.02] 100.0%
Prediction interval o [-0.50; 0.07]
Heterogeneity: /2 = 0%, 12 =0, p = 0.50 I ! I ! L !

-3 -2 -1 0 1 2 3

C Treatment Control
Study n Mean SD n Mean SD Mean Difference MD 95%-Cl Weighted
Banach (2020) 27 -480 9.01 27 -407 803 —— -0.73  [-5.28; 3.82] 0.1%
Razmpoosh (2019) 32 -350 200 33 -250 2.00 - -1.00 [-1.97;-0.03] 2.8%
Kim (2018) 30 080 5732 30 110 57.16 -0.30 [-29.27; 28.67] 0.0%
Omar (2013) treatment 1 9 -1.00 855 11 -0.30 10.28 —_— -0.70 [-8.95; 7.55] 0.0%
Omar (2013) treatment2 10 -1.40 9.17 11  -0.30 10.28 e — -1.10  [-9.42; 7.22] 0.0%
Sharafedtinov (2013) 25 -400 10.06 15 -4.00 8.87 e 0.00 [-5.97; 5.97] 0.1%
Doria (2013) 20 -140 032 20 -0.80 0.20 : -0.60 [-0.77;-0.43] 96.8%
Gomes (2017) 21 133 742 22 -068 7.83 —t— -0.65 [-5.21; 3.91] 0.1%
Random effects model 174 169 i -0.61 [-0.77; -0.45] 100.0%
Prediction interval o [-0.81; -0.41]
Heterogeneity: 1?=0%, =0, p =1.00 f T T 1

-20 -10 0 10 20

D Treatment Control
Study n Mean SD n Mean SD Mean Difference MD 95%-Cl Weighted
Narmaki (2020) 31 -820 827 31 -590 765 I —— -2.30 [-6.27; 1.67] 1.4%
Razmpoosh (2019) 32 -550 250 33 400 3.00 — ] -1.50 [-2.84;-0.16] 11.9%
Kim (2018) 30 -500 1327 30 -1.70 1349 -3.30 [-10.07; 3.47] 0.5%
Zarrati (2018) 26 -2.83 481 30 -3.14 427 —_— 0.31  [-2.09; 2.71] 3.7%
Madjd (2016) 44 510 149 45 -480 1.17 - -0.30 [-0.86; 0.26] 68.8%
Zarrati (2014) 25 -2.78 9.36 25 -230 642 —_— -0.48 [-4.93; 3.97] 1.1%
Doria (2013) 20 -150 210 20 -0.70 220 —T -0.80 [-2.13; 0.53] 12.0%
Gomes (2017) 21 -514 7.87 22 -3.32 10.32 . -1.82 [-7.29; 3.65] 0.7%
Random effects model 229 236 = -0.53 [-1.00; -0.07] 100.0%
Prediction interval = [-1.11; 0.04]
Heterogeneity: 1#=0%, =0, p =0.67 f ! L 1

-10 -5 0 5 10

Figure 2 Forest plots of the effects of probiotics. Forest plots of the effects of probiotics on (A) body weight; (B) BMI; (C) fat mass; and (D) waist circumference. Analyses
consider the pooled mean difference (MD) between baseline and end-of-treatment in patients receiving microbiome-targeted therapies as an adjunct to exercise/diet
compared with patients receiving exercise/diet only. MDs are presented with the 95% ClI for each study and for the combined results.
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A Treatment Control
Study n Mean sD n Mean SD Mean Difference MD 95%-Cl Weighted
Gutiérrez-Repiso (2019) 15 -12.96 14.98 9 -1296 9.79 0.00 [-9.92; 9.92] 1.1%
Mohammadi-Sartang (2019) 44 -510 3.00 43 -430 1.90 o -0.80 [-1.85; 0.25] 94.4%
Sanchez (2014) 45 -530 2885 48 -390 29.10 n -1.40 [-13.18; 10.38] 0.8%
Sergeev (2020) 10 -720 1166 10 -7.60 2252 040 [-15.32;16.12] 0.4%
Janczy (2019) 36 -530 1781 20 -5.80 27.87 n 0.50 [-13.03; 14.03] 0.6%
Ferolla (2016) 27 -130 1431 23 000 20.30 -1.30 [-11.20; 8.60] 1.1%
Rabiei (2015) 20 -360 1362 20 -1.80 1152 —_— -1.80 [-9.62; 6.02] 1.7%
Random effects model 197 173 < -0.81 [-1.83; 0.22] 100.0%
Prediction interval — [-2.15; 0.54]
Heterogeneity: 2= 0%, %= 0, p =1.00 I ! I I I L
-15 -10 -5 0 5 10 15
B Treatment Control
Study n Mean SD n Mean SD Mean Difference MD 95%-Cl Weighted
Gutiérrez-Repiso (2019) 15 -462 164 9 470 143 — 0.08 [-1.17;1.33] 7.0%
Malaguarnera (2012) 34 -090 163 32 -130 1.69 - 0.40 [-0.40; 1.20] 16.9%
Mohammadi-Sartang (2019) 44 -180 1.16 43 -1.60 0.80 —r -0.20 [-0.62;0.22] 62.2%
Sergeev (2020) 10 -272 542 10 -263 4.29 -0.09 [-4.37;4.19] 0.6%
Janczy (2019) 36 -1.10 6.60 20 -2.00 7.59 0.90 [-3.06; 4.86] 0.7%
Eslamparast (2014a) 19 -122 261 19 -1.14 194 I e— -0.08 [-1.54;1.38] 5.1%
Eslamparast (2014b) 26 -130 326 26 -120 219 _ -0.10 [-1.61; 1.41] 4.8%
Ferolla (2016) 27 -040 390 23 -020 5.14 -0.20 [-2.76;2.36] 1.7%
Rabiei (2015) 20 -140 417 20 -1.70 531 0.30 [-2.66; 3.26] 1.2%
Random effects model 231 202 -0.05 [-0.38;0.28] 100.0%
Prediction interval i [-0.45; 0.34]
Heterogeneity: 1?=0%,1°=0,p =098 ! ! ! ! 1
-4 2 0 2 4
C Treatment Control
Study n Mean SD n Mean SD Mean Difference MD 95%-Cl Weighted
Gutiérrez-Repiso (2019) 15 -7.84 7.28 9 649 491 _t -1.35 [-6.23; 3.53] 8.4%
Mohammadi-Sartang (2019) 44 -3.39 466 43 -1.70 244 —a -1.69 [-3.25;-0.13] 82.5%
Sanchez (2014) 45 -459 2549 48 -3.10 2757 + -1.49 [-12.27; 9.29] 1.7%
Sergeev (2020) 10 -291 1147 10 -322 6.96 0.31 [-8.01; 8.63] 2.9%
Janczy (2019) 36 -380 966 20 -3.60 1347 . -0.20 [-6.89; 6.49] 4.5%
Random effects model 150 130 = -1.53 [-2.95; -0.12] 100.0%
Prediction interval — [-3.83; 0.76]
Heterogeneity: 12=0%, * =0, p =098 I ! I 1
-10 -5 0 5 10
D Treatment Control
Study n Mean SD n Mean sD Mean Difference MD 95%-Cl Weighted
Gutiérrez-Repiso (2019) 15 -12.77 10.12 9 -1555 6.04 + 278 [-3.69; 9.25] 1.3%
Mohammadi-Sartang (2019) 44 -580 200 43 -440 1.70 = -1.40 [-2.18;-0.62] 89.8%
Sergeev (2020) 10 -7.00 8.28 10 -5.80 12.69 -1.20 [-10.59; 8.19] 0.6%
Eslamparast (2014a) 19 -2.00 7.05 19 -258 052 —_— 0.58 [-2.60; 3.76] 5.4%
Ferolla (2016) 27 -190 1101 23 090 13.68 -2.80 [-9.76; 4.16] 1.1%
Rabiei (2015) 20 -730 993 20 -270 7.84 n -4.60 [-10.14; 0.94] 1.8%
Random effects model 135 124 < -1.31 [-2.05; -0.57] 100.0%
Prediction interval — [ -2.36; -0.26]
Heterogeneity: 12=0%,t*=0, p =048 I T T 1
-10 -5 0 5 10

Figure 3 Forest plots of the effects of synbiotics. Forest plots of the effects of synbiotics on (A) body weight (kg); (B) BMI (kg/mz); (C) fat mass (kg); and (D) waist
circumference (cm). Analyses consider the pooled mean difference (MD) between baseline and end-of-treatment in patients receiving microbiome-targeted therapies as an
adjunct to exercise/diet compared with patients receiving exercise/diet only. MDs are presented with the 95% CI for each study and for the combined results.

Like the probiotic analysis, the leave-one-out sensitivity analysis suggested that the most heavily weighted studies did
have an influence on the pooled effect size; however, the pooled effect sizes when the highest weighted study was
removed from the analysis suggested that fat mass and waist circumference were still reduced after supplementation
compared to the control group (Supplementary Figure S2).

Risk of Bias

The risk of bias for each included RCT is shown in Figure 4A; Figure 4B summarizes the risk of bias across all RCTs.
The overall risk of bias reflected some concerns for the majority (n=18) of studies, while four studies were scored as
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of all included studies; (B) overall summary.
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Figure 5 Funnel plot. Funnel plot for the meta-analysis of body weight in the probiotic group. The standard error and effect size are shown on the y- and x-axis, respectively.
The circles represent the individual studies in the analysis.

having a high risk of bias.****>" A high risk of bias was present in three of the five domains: randomization, missing
outcome data, and measurement of the outcome. Although numerous studies in both domains had some concerns, there
were no substantial (high risk) deviations from the intended intervention or selection bias. The most common causes of
concern included not providing sufficient detail on the randomization or concealment of the allocation sequence, not
including an appropriate analysis to estimate the effect of assignment to the intervention, and lack of clarity regarding the
extent to which published data were in accordance with a pre-specified analysis plan.

Publication Bias

There was no evidence of publication bias in studies examining the effect of probiotics and exercise/diet on body weight
(Egger’s test p=0.64; Figure 5), although the number of studies was small; a greater number of studies would give us
more confidence in the results. Funnel plots for all other anthropometric outcome groups were not generated due to the
low number of trials included.

Discussion

Obesity has reached epidemic proportions worldwide and continues to raise public health concerns.! A multitude of
treatment options have been investigated for obesity, including behavioral, dietary, pharmacological, and surgical options.
However, no singularly effective, feasible, and sustainable intervention currently exists.

The results of this systematic review suggest that gut MTT, delivered in conjunction with dietary or dietary and
exercise interventions, can have beneficial effects on anthropometric outcomes in adults with overweight and obesity.
Specifically, meta-analyses of pooled MDs identified a positive impact of probiotic supplementation on body weight, fat
mass, and waist circumference when delivered with dietary or dietary and exercise interventions. Likewise, synbiotics
improved fat mass and waist circumference compared to control participants receiving the dietary or dietary and exercise
intervention only.

However, the clinical significance of these changes is less clear. A 5% reduction in body weight is a commonly used
metric for assessing the clinical relevance of obesity interventions and is associated with clinically significant improve-
ments in cardiometabolic risk factors, while a >3% to <5% change from baseline reflects modest weight loss.> ! By this
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definition, modest weight loss was experienced by both treatment and control groups across all outcomes. Considering
outcomes that had a statistically significant change only, the addition of probiotics or synbiotics pushed the percentage
change near or over the threshold for clinical significance. Specifically, probiotics increased the percentage change by
0.29% to 4.16% in body weight; by 1.03% to 3.78% in fat mass; and by 1.67% to 6.47% in waist circumference; and
synbiotics increased the percentage change in waist circumference by 1.63% to 5.29%.

While the margin of difference between treatment and control groups is narrow, the overall percentage change for
individuals in the treatment groups occupies the threshold between modest weight loss and clinically significant change.
Further studies are required to clarify whether these differences are sufficient to warrant the inclusion of MTTs into
traditional therapeutic modalities.

Our review compared individuals receiving dietary or dietary and exercise interventions plus an MTT to those
receiving dietary/dietary and exercise interventions only; however, an additional control group receiving the MTT alone
would have been informative. Several recent systematic reviews and meta-analyses have investigated the effects of MTTs
alone for the management of overweight or obesity, and these have reported largely positive changes in anthropometric

933755 and synbiotics.® The positive changes observed in our study when probiotics or

measures from probiotics
synbiotics are added to dietary or dietary and exercise interventions are promising as they highlight the potential to

enhance the effects of traditional interventions by modulating the gut microbiota.

Strengths and Limitations

Our study had several strengths. We systematically reviewed a decade’s worth of literature to report the first compre-
hensive analysis of the beneficial role of adjunctive microbiome-targeted therapies on obesity outcomes. Three electronic
databases and key reference lists were searched, and all authors from selected studies were contacted for additional
information to ensure accuracy. Moreover, we performed separate analyses for probiotics and synbiotics and limited the
population of interest to adults with a BMI > 25, improving the specificity of our findings.

There were also limitations in this study. While we observed significant improvements in multiple obesity outcomes
in the probiotic and synbiotic analyses, the overall effect sizes were small. Several outcomes (BMI with probiotics and
BMI and body weight with synbiotics) had non-significant p-values with Cls including zero, which may in part be due to
the relatively small number of studies included in these analyses. In addition, only a single study of prebiotics in
combination with exercise and/or diet could be identified, precluding any further comment or analyses on this
intervention.

Another potential concern is that most analyses were weighted in favor of a subset of the included studies. We ran
a leave-one-out sensitivity analysis to address this concern and found that the pooled effect sizes shifted (increased in
some cases and decreased in others) but remained negative after the consecutive removal of individual studies from the
analysis, reflecting an improvement in each measure in comparison to the controls.

Study duration ranged from 3 to 28 weeks, and the extent to which the observed changes are sustained beyond this
point is unclear. Previous studies indicate that a range of therapeutic modalities can be used to attain short-term clinically
relevant weight loss; however, long-term maintenance of weight loss is more challenging.”’ In a meta-analysis of 29
studies of structured weight loss programs, more than half of the weight lost was regained within two years, and 80% of
weight lost was regained within five years.’® Studies investigating the role of MTTs on long-term clinical endpoints are
therefore necessary to establish the clinical relevance of these therapies for sustained changes in obesity outcomes. Since
the maximum length of study in our meta-analysis was 28 weeks, we were not able to compare the short-term and long-
term influence of probiotics or synbiotics as an adjunct therapy for weight loss.

In addition, our meta-analyses included a relatively small number of studies and patients which precluded sub-group
analyses. Although the outcomes measured were homogenous (as measured by the I* statistic), there was notable
heterogeneity in study methods, including the method of administration, study duration, MTT strain(s), dosage, patient
characteristics, and the parameters of the exercise and/or dietary intervention. All these variables could have feasibly
confounded the results and are worthy of investigation in their own right. For example, probiotics are known to have
strain-specific effects on weight.>® A 2012 meta-analysis of human and animal studies reported that L. acidophilus,
L. ingluviei, and L. fermentum were linked to weight gain, whereas L. gasseri and L. plantarum were linked to weight

Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy 2022:15 heeps: 3795

Dove:


https://www.dovepress.com
https://www.dovepress.com

Peckmezian et al Dove

loss.®® As the breadth of research in this field increases, a future meta-analysis of MTTs plus exercise/dietary interven-
tions that are sufficiently powered to include subgroups would clarify the therapeutic strains and doses that are most
likely to be beneficial in a particular circumstance.

Conclusion

In summary, our work suggests that microbiome-targeted supplements may enhance weight loss and other obesity
outcomes in adults when delivered as an adjunct to dietary or dietary and exercise interventions. Given the impact of the
gut microbiota on obesity outcomes, modulation of the microbiome should continue to be explored in the pursuit of more
effective and sustainable weight management strategies.
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