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Abstract: Intestinal microbiota has been shown to be a potential determining factor in the develop-
ment of obesity. The objective of this systematic review is to collect and learn, based on the latest
available evidence, the effect of the use of probiotics and synbiotics in randomized clinical trials on
weight loss in people with overweight and obesity. A search for articles was carried out in PubMed,
Web of science and Scopus until September 2021, using search strategies that included the terms
“obesity”, “overweight”, “probiotic”, “synbiotic”, “Lactobacillus”, “Bifidobacterium” and “weight loss”.
Of the 185 articles found, only 27 complied with the selection criteria and were analyzed in the review,
of which 23 observed positive effects on weight loss. The intake of probiotics or synbiotics could
lead to significant weight reductions, either maintaining habitual lifestyle habits or in combination
with energy restriction and/or increased physical activity for an average of 12 weeks. Specific strains
belonging to the genus Lactobacillus and Bifidobacterium were the most used and those that showed
the best results in reducing body weight. Both probiotics and synbiotics have the potential to help in
weight loss in overweight and obese populations.
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1. Introduction

The Western Diet, characterized by a large consumption of processed products, satu-
rated fats, sugars and a low fiber content, together with an increasingly sedentary lifestyle,
has generated tripled levels of obesity in the world as compared to the year 1975, according
to the World Health Organization [1]. In fact, obesity is currently classified as an epidemic
and has become one of the greatest public health challenges in the twenty-first century [2].

Obesity is defined as an excessive accumulation of fat and hypertrophy of adipose
tissue [1]. It is a chronic pathology, where the fundamental cause is the imbalance between
the calories consumed and those expended [3]. However, it is considered a multi-causal
and complex disease influenced by factors intrinsic and extrinsic to the individual, such
as environmental, genetic, neuronal, endocrine and behavioral components [3,4]. Further-
more, overweight and obesity are risk factors for other chronic diseases, such as diabetes
mellitus II, cardiovascular diseases and some types of cancer [3].

It has recently been shown that obesity and its association with other chronic non-
communicable diseases are not only the result of genetic factors, eating habits or lack
of physical activity; it has also been proven that the Intestinal Microbiota (IM) is an
environmental factor in its development [5–8].

People with overweight or obesity have been shown to have a specific IM profile, char-
acterized by dysbiosis (imbalance) and lower microbial diversity compared to people with
normal weight [6,9]. In this sense, a decrease has been seen in some bacterial phyla, such
as the relationship between Bacteroidetes/Firmicutes [10,11], with lower proportions of Bac-
teroidetes and higher proportions of Firmicutes than those from people without obesity [12].
This seems to facilitate energy extraction from the ingested food and increases energy
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storage in the host’s adipose tissue [7]. In addition, this altered microbiota also results in
a suppressed production of fasting-induced adipose factor (Fiaf). This suppression leads
to an increased storage of triglycerides in adipose tissue and a low release of hormones
such as glucagon-like peptide 1 (GLP-1) and the peptide YY (PYY), promoting food intake.
Although research in humans is incipient, there are clear indications that the intestinal
microbiota is important for maintaining homeostasis of energy metabolism [13–15].

The International Scientific Association of Probiotics and Prebiotics (ISAPP) defines
probiotics as “live microorganisms that, after ingestion in specific numbers, exert benefits
for the health of the host” [16] and prebiotic as “a substrate that is selectively utilized by
host microorganisms conferring a health benefit” [17]. A synbiotic, is defined as “a mixture
comprising live microorganisms and substrate(s) used selectively by host microorganisms
that confers a benefit to the health of the host” [18].

This systematic review evaluates the effect of probiotic and synbiotic intake on IM in
reducing body weight and/or body fat in apparently healthy people with overweight or
obesity in randomized clinical trials.

2. Materials and Methods

This systematic review was reported according to the PRISMA statement [19].

2.1. Search Strategy

In order to address the proposed objective, a systematic review has been carried out, finishing
in September 2021 in three health science databases (Pubmed, Web of Science and Scopus).

Searching strategies were constructed using controlled language from the Medical Sub-
ject Headlines (MeSH) (Probiotics, Lactobacillus, Synbiotics, Overweight, Obesity, Weight
Loss) and health science descriptors (DeCs) (Probiotic *, Lactobacillus, Synbiotic *, Over-
weight, Obesity, Weight loss, Bifidobacteria). Additionally, to define the union between the
terminologies, the Boolean operators “AND”, “OR” and “NOT” were used. The truncation
(*) was also used in order to encompass all words related to probiotic, and synbiotic.

To further delimit the results, additional filters were applied to each database. The
specific details of the aforementioned strategies are given in Table S1.

2.2. Eligibility Criteria

The selection criterion were randomized clinical trials carried out in humans, pub-
lished in the last 10 years, in apparently healthy people classified as overweight or obese,
according to Body Mass Index (BMI; overweight 25–29.9 kg/m2, obese ≥ 30 kg/m2),
body fat percentage (females: overweight 26.0–31.9%, obese ≥ 32%; males: overweight
21.0–24.9%, obese ≥ 25%), visceral fat area or waist circumference (obese females ≥ 80 cm,
obese males ≥ 94 cm) [20,21] in all age groups, where it was evaluated the effect of taking
a probiotic or synbiotic on weight loss. The published results of the study required to be
written in English. Review articles, studies of people with other chronic non-communicable
diseases, carried out on animals, in pregnant participants or in the breastfeeding stage were
excluded. The selection process can be found in Section 3.1.

2.3. Data Extraction and Analysis

Data was extracted by one of the authors (VA-A) and contrasted with the other co-
author (SM-P). From each selected publication, information about the name of the main
author, year and place where the study was carried out, population characteristics, study
design, intervention, comparison, strains and doses used, period of intervention and main
results were extracted.

2.4. Quality Assessment

To assess the quality of the 27 studies included in the systematic review, the Jadad
scale [22] was used. It consists of 5 questions related to methodological quality. The
following criteria are evaluated: whether the trial is randomized and double blind, whether
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a description of exclusions and dropouts is detailed, and finally if the randomization and
double blind method are adequate. A score of 5 points correspond to the maximum quality
level, whereas a score < 3 points is considered to indicate poor quality.

3. Results
3.1. Selection Process

Based on the search carried out, a total of 204 articles (101 Pubmed, 47 Scopus, 56 Web
of Science) were obtained using the strategy previously described. From the initial search
results, 17 duplicate articles were discarded. After screening of the titles and abstracts
of the remaining studies, 146 articles not meeting the eligibility criteria (8 studies carried
out on animals, 10 reviews, 128 studies not assessing the association of our study) were
excluded. From the 40 articles that were read in their entirety, 13 did not meet the selection
criteria (1 study carried out on animals, 12 studies not assessing the association of our
study) and were also discarded. Finally, 27 articles were included in this systematic review.
A flow chart illustrating the selection process is presented in Figure 1.
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Figure 1. PRISMA flowchart showing the process of article selection.

3.2. Study Characteristics

Table 1 presents the collection of the selected studies in an orderly and summarized
manner, including the country, author or authors, methodological design, intervention and
a summary of the main results.
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Table 1. Detailed summary of the selected studies included in the revision.

Author Year, Country Population Design Intervention Control Strains & Doses Inter
Period Results

Kadooka et al. [23] 2010, Japan

n = 87
n(IG) = 43
n(CG) = 44
Adults (male and
female)
Visceral fat
81.2–178.5 cm2

BMI:
24.2–30.7 kg/m2

Age: 33–63 years

Multi-center RCT-DB 200 g/day of
fermented milk

200 g/day of
fermented milk
without Lactobacillus
gasseri SBT2055

Lactobacillus gasseri
SBT2055
(5 × 1010 CFU/100 g)

12 weeks

Body weight, BMI,
waist and hip
circumferences
decreased
significantly
(p ≤ 0.001). In the
active group the
visceral and
abdominal
subcutaneous fat
areas decreased
significantly
(p ≤ 0.01)

Omar et al. [24] 2013, Canada

n = 28
n(IG) = 14
n(GC) = 14
Adults (male and
female)
BMI: 25–32 kg/m2

Age: 18–60 years

Cross-over RCT-DB

(i) Yogurt with
probiotic 1
(ii) Yogurt with
probiotic 2
Both groups were
put on diet

Control yogurt

(i) 100 g of control
yogurt + 10 g of
1.39 × 109 CFU
microencapsulated
BSH-active
Lactobacillus
acidophilus
(ii) 100 g of control
yogurt + 10 g of
1.08 × 109 CFU
microencapsulated
FAE-active
Lactobacillus
fermentum

13 weeks

No significant
differences in body
weight were
observed at baseline
or endpoint across
the three treatments.
Significant
reductions in total
fat mass by 3% from
baseline (p = 0.05)

Sanchez et al. [25] 2013, Canada

n = 125
n(IG) = 62
n(GC) = 63
Healthy adults (male
and female)
BMI: 29–41 kg/m2

Age:18–55 years

RCT-DB

2 capsules/day of
probiotic + moderate
restriction of energy
in the first 12 weeks
followed by
12 weeks of
maintenance

Placebo

Lactobacillus
rhamnosus
CGMCC1.3724 (LPR)
(1.62 × 108 CFU)
with 300 mg of one
mix of oligofructose
and inulin (70:30, vv)

24 weeks

No significant
reduction in weight
among the
comparison groups.
Significant
interaction between
sex and intervention.
Weight loss in female
in the intervention
group was
significantly higher
than those of placebo
group (p = 0.02)
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Table 1. Cont.

Author Year, Country Population Design Intervention Control Strains & Doses Inter
Period Results

Safavi et al. [26] 2013, Iran

n = 70
n(IG) = 29
n(CG) = 27
Healthy children and
adolescents
BMI: ≥85th
percentile

RCT-TB 1 capsule/day of the
synbiotic

Placebo of
maltodextrin

Lactobacillus casei,
Lactobacillus
rhamnosus,
Streptococcus
thermophilus,
Bifidobacterium breve,
Lactobacillus
acidophilus,
Bifidobacterium
longum and
Lactobacillus
bulgaricus of human
origin with
prebiotics (fructo-
oligosaccharides),
vitamins A, C and E.
Every capsule
contained 2 × 108

CFU of probiotic
bacteria

8 weeks

The decrease in the z
scores of the BMI
(p = 0.002), waist
circumference
(p ≤ 0.0001) and the
waist-to-hip ratio
(p ≤ 0.0001) were
significantly higher in
the synbiotic group
than in the placebo
group

Kadooka et al. [27] 2013, Japan

n = 210
n(IG) = 140 (69/71)
n(CG) = 70
Healthy adults (male
and female)
Average BMI
27 kg/m2 and with
large areas of
visceral fat
(80.2–187.8 cm2)
Age: 25–60 years

Multi-center RCT-DB

200 g/day of milk
fermented with
strains of probiotics
to different levels.
Participants
maintained their life
style, including diet
and exercise

200 g fermented milk
without probiotic

Starter cultures:
lactic acid bacteria
(Streptococcus
thermophilus and
Lactobacillus
delbrueckii ssp.) and
cells of Lactobacillus
gasseri SBT2055
(LG2055) to levels of
106, 107 (CFU/g)

12 weeks

Significant decrease in
the areas of visceral fat,
BMI, waist and hip
circumference
(p ≤ 0.01) in the
groups with doses of
107 and 106 (CFU/g) at
weeks 8 and 12

Zarrati et al. [28] 2014, Iran

n = 75
n(IG) = 25/25
n(GC) = 25
Healthy adults with
overweight or
obesity
BMI > 25 kg/m2

Age: 20–50 years

RCT-DB

(i) Low calorie diet
with probiotic
yogurt (200 g/day)
(ii) Consumption of
the same probiotic
yogurt (200 g/day)
without the diet low
in calories

Low calorie diet with
regular yogurt
consumption
(200 g/day)

Lactobacillus
acidophilus La5,
Bifidobacterium BB12
and Lactobacillus casei
DN001 108 CFU/g

8 weeks

A reduction in the BMI,
percentage of fat and
leptin level, which was
more evident in the
groups that received
the weight loss diet
with probiotic yogurt.
Significant differences
in weight, BMI and
waist circumference
between groups
(p = 0.001)
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Table 1. Cont.

Author Year, Country Population Design Intervention Control Strains & Doses Inter
Period Results

Lee et al. [29] 2014, Korea Republic

n = 50
n(IG) = 25
n(GC) = 25
Healthy female
Waist circumference
> 85 cm,
BMI > 25 kg/m2

Age: 19–65 years

RCT-DB

Supplementation
2 times/day with 3 g
of Bofutsushosan
(BTS) and DUOLAC
7 probiotic. It was
suggested to the
participants to limit
energy intake to
20–25 kcal/kg

3 g of Bofutsushosan
(BTS) and placebo
capsules 2 times/day

DUOLAC 7: 5000 million
viable cells of Streptococcus
thermophilus (KCTC
11870BP), Lactobacillus
plantarum (KCTC 10782BP),
Lactobacillus acidophilus
(KCTC 11906BP),
Lactobacillus rhamnosus
(KCTC 12202BP),
Bifidobacterium lactis (KCTC
11904BP), Bifidobacterium
longum (KCTC 12200BP)
and Bifidobacterium breve
(KCTC 12201BP)

8 weeks

Both groups
showed significant
reductions in weight and
waist circumference
(p = 0.000). No
significant differences
were observed in body
composition

Jung et al. [30] 2015, Korea Republic

n = 120
n(IG) = 60
n(CG) = 60
Adults (male and
female)
BMI: 25–30 kg/m2

Age 20–65 years

RCT-DB

2 g probiotic powder,
two times/day
(immediately after
breakfast and
dinner). Participants
maintained their diet
and normal lifestyle

2 g of powder
containing 1.34 g of
crystalline cellulose,
0.6 g of lactose and
0.06 g of blueberry

2 g powder of strains
Lactobacillus curvatus
HY7601 and Lactobacillus
plantarum KY1032, each at
2.5 × 109 CFU/capsule

12 weeks

The probiotic group
showed reductions in
body weight (p = 0.008),
BMI (p = 0.006) and waist
circumference (p = 0.015)
in relation to the initial
value. When the changes
were compared
anthropometrically
(differences with relative
to baseline) between
control and probiotics
groups, the group of
probiotics had greater
reductions in body
weight (p = 0.001) and
BMI (p = 0.001)

Ipar et al. [31] 2015, Turkey

n = 86
n(IG) = 43
n(CG) = 43
Children with
primary obesity
Age: 4–17 years

Open label
RCT

Supplementation
with synbiotic and
10% caloric
reduction and
increase in physical
activity

10% caloric
reduction and
increase in physical
activity

Probiotics:
Lactobacillus acidophilus
(4.3 × 108 CFU/sachet),
Lactobacillus rhamnosus
(4.3 × 108 CFU/sachet),
Bifidobacterium bifidum
(4.3 × 108 CFU/sachet),
Bifidobacterium longum
(4.3 × 108 CFU/sachet),
Enterococcus faecium
(8.2 × 108 CFU/sachet).
Prebiotics:
fructo-oligosaccharides
(FOS) 625 mg,
lactulose 400 mg

4 weeks

One month of
supplementation with
synbiotic resulted in
significant weight
reduction (p ≤ 0.001) and
BMI (p ≤ 0.01)
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Table 1. Cont.

Author Year, Country Population Design Intervention Control Strains & Doses Inter
Period Results

Stenman et al. [32] 2016, Finland

n = 225
n(IG) = 168 (57/55/56)
n(CG) = 57
Adults (male and female)
Waist hip ratio ≥ 0.88 for
female,
BMI: 28–34.9 kg/m2

Age: 18–65 years

RCT-DB

(i). Probiotic
Bifidobacterium
animalis ssp. lactis
420 (B420)
(ii). Probiotic of
polydextrose (LU)
(iii). Probiotic
Bifidobacterium
animalis ssp. lactis
420 (B420) + Probiotic
(LU + B420)

Placebo, cellulose
microcrystalline
12 g/day

B420, 1010 CFU/day
prebiotic of polydextrose
12 g/day B420,
1010 CFU/day in 12 g of
polydextrose

24 weeks

The probiotic B420 and
the synbiotic LU + B420
seemed to improve
weight control in the
population analyzed by
protocol due to changes
in body fat mass
(p = 0.02)

Madjd et al. [33] 2016, Iran

n = 89
n(IG) = 44
n(CG) = 45
Premenopausal obese or
overweight female,
healthy
BMI: 27–40 kg/m2

Age: 18–50 years

RCT-SB

400 g/day of yogurt
probiotic, enriched
with culture. Both
groups are put on a
diet for weight loss
and physical activity

400 g/day standard
yogurt low in fat
with main meals

Starter cultures:
Streptococcus thermophilus
and Lactobacillus Bulgaricus.
Probiotic: Lactobacillus
acidophilus LA5 and
Bifidobacterium lactis BB12,
with a minimum total of
1 × 107 CFU.

12 weeks

No significant differences
were observed in weight
loss and anthropometric
measurements between
groups after the
intervention

Higashikawa
et al. [34] 2016, Japan

n = 62
n(IG) = 21/21
n(GC) = 20
Adults (male and
female), healthy
BMI: 25–30 kg/m2

Age: 20–70 years

RCT-DB

Powder of
Pediococcus
pentosaceus LP28
alive with dextrin.
Powder of
heat-killed
Pediococcus
pentosaceus LP28
with dextrin.

Placebo (dextrin)
Live LP29 7.5 mL 1010 CFU
Dead LP29
7.5 mL 1010 CFU

12 weeks

The LP28 removed by
heat showed significant
reductions in the BMI
(p = 0.035), body fat
percentage (p = 0.002),
body fat mass (p = 0.004)
and waist circumference
(p = 0.009).

Gomes et al. [35] 2017, Brazil

n = 43
n(IG) = 21
n(GC) = 22
Female with overweight
or obesity, healthy
BMI: 24.9–40 kg/m2

Age: 20–59 years

RCT-DB

4 sachet of probiotic
daily before
breakfast+ dietary
intervention

Placebo+ Dietary
intervention

1 × 109 CFU of each of the
probiotic strains:
Lactobacillus acidophilus
LA-14, Lactobacillus casei
LC-11, Lactococcus lactis
LL-23, Bifidobacterium
bifidum BB-06,
Bifidobacterium lactis BL-4
(Danisco).
Totaling 2 × 1010 CFU/day

8 weeks

Dietary intervention+
probiotic group showed
greater reductions in
waist circumference
(p = 0.03), waist-height
ratio (p = 0.02), conicity
index (p = 0.03) in
comparison with the
dietary intervention
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Table 1. Cont.

Author Year, Country Population Design Intervention Control Strains & Doses Inter
Period Results

Mohammadi-
Sartang
et al. [36]

2018, Iran

n = 94
n(IG) = 44
n(CG) = 43
Adults (male and female)
BMI: 25–34.9 kg/m2

Age: 20–65 years

RCT-DB

Two daily servings
(2 × 250 g) of fortified
yogurt containing 5 g
protein powder, 3 g
inulin as a prebiotic,
500 mg calcium and 500
IU vitamin D3. All
participants received a
diet energy restriction for
the study intervention
500 kcal less, with a
composition of
macronutrients of 55% of
carbohydrates, 15% of
protein and 30% fat

Two daily servings
(2 × 250 g) of low fat
natural yogurt, that
contained 300 mg of
calcium. Starter
cultures:
Streptococcus
thermophilus and
Lactobacillus
bulgaricus

Starter cultures:
S. thermophilus and
L. Bulgaricus enriched with
at least 107 CFU/g of
Bifidobacterium lactis Bb-12

10 weeks

Decreases in BMI
(kg/m2), waist
circumference (cm), body
fat mass (kg) and body
fat percentage (%) in
both groups at the end of
the study comparison
with the initial values.
Reductions in waist
circumference (p = 0.002),
body fat (p = 0.023) and
body fat percentage
(p = 0.028) higher in the
fortified yogurt group
compared to low-fat
yogurt group

Kianifar et al. [37] 2018, Iran

n = 46
n(IG) = 23
n(CG) = 23
Kids (male and female)
with obesity BMI: ≥85th
percentile
Age: 7–13 years

Pilot-Study
RCT-DB

Restrictive diet, physical
activity plan and
1 capsule of synbiotics
per day

Same as the
treatment group,
received a restrictive
diet and physical
activity plan but
with a capsule of
placebo per day

Fructo-oligosaccharide,
vitamins A, C and E,
108 UFC of a combination
of Lactobacillus casei,
Lactobacillus rhamnosus,
Streptococcus thermophilus,
Bifidobacterium breve,
Lactobacillus acidophilus,
Bifidobacterium infantis and
Lactobacillus bulgaricus

12 weeks

Significant reductions in
z score of BMI and
percentage of fat in both
groups (p ≤ 0.001). Waist
circumference decreased
significantly only in the
group intervened with
synbiotics (p ≤ 0.001).

Kim et al. [38] 2018, Korea
Republic

n = 90
n(IG) = 60 (30/30)
n(CG) = 30
Adults without
comorbidities with
overweight or obesity
BMI: 25–35 kg/m2

Age: 20–75 years

RCT-DB

Two capsules/day
(400 mg/capsule) low
dose or high of probiotic.
Both groups reduced
200 kcal/day their
energy intake and
increased by
100 kcal/day their
physical activity, during
intervention period

Two capsules
(400 mg/capsule) of
placebo that
composed of
maltodextrin,
crystalline cellulose
and magnesium
stearate

Lactobacillus gasseri,
low-dose BNR17 (109 CFU)
or high dose (1010 CFU

12 weeks

BMI, hip circumference
and waist–hip ratio were
not significantly different
between groups at weeks
0, 6, and 12. The waist
circumference in the
intervened groups and
hip circumference in the
low dose group
decreased significantly
after BNR17
consumption for
12 weeks within each
group (p = 0.045, 0.012
and 0.033, respectively).



Nutrients 2021, 13, 3627 9 of 18

Table 1. Cont.

Author Year, Country Population Design Intervention Control Strains & Doses Inter
Period Results

Pedret et al. [39] 2018, Spain

n = 126
n(IG) = 86 (42/44)
n(CG) = 40
Adults (male and female)
Abdominal obesity
(circumference of
waist ≥ 102 cm for
female)
Age > 18 years

RCT-DB

1 capsule per day of the
following probiotics:
Bifidobacterium animalis
CECT 8145, heat killed
Bifidobacterium animalis
8145. Dietary
recommendations were
made according to the
2013 guidelines of Adults
Treatment Panel
(ATP III).

Placebo (300 mg of
maltodextrin)

(i) 100 mg of the live strain,
1010 CFU/capsule
containing 200 mg of
maltodextrin
(ii) 100 mg/capsule of
CECT strain 8145 killed by
heat to a concentration of
1010 CFU before thermal
treatment, which contained
200 mg of maltodextrin

12 weeks

Treatment with Ba8145
decreased the BMI as
compared to its initial value
and the placebo group
(p ≤ 0.05). Both interventions
by Ba8145 decreased the
waist circumference, the ratio
of waist
circumference/height and
the conicity index (p ≤ 0.05),
relative to its initial value.
The changes relative to the
placebo group were also
significant (p ≤ 0.05)

Sudha et al. [40] 2019, India

n = 90
n(IG) = 45
n(CG) = 45
Adults (male and
female), healthy
BMI: 25–32 kg/m2

Age: 30–65 years

RCT-DB Two capsules/day of
probiotic UB0316

Placebo of
maltodextrin.

UB0316: Lactobacillus
salivarius UBLS-22,
Lactobacillus casei UBLC42
Lactobacillus plantarum,
UBLP-40 Lactobacillus
acidophilus UBLA-34
Bifidobacterium breve
UBBr-01, Bacillus coagulans
Unique IS2, 5
109 CFU/capsule, and
100 mg of fructo-
oligosaccharides

12 weeks

At 12 weeks,
supplementation of UB0316
showed significant
reductions in BMI
(p = 0.0001), body weight
(p ≤ 0.0001), and
in the waist-to-hip ratio
(p = 0.007), compared to the
placebo group

Hadi et al. [41] 2019, Iran

n = 60
n(IG) = 30
n(CG) = 30
Adults (male and female)
BMI: 25–35 kg/m2

Age: 20–50 years

RCT-DB

Consumption of a
synbiotic capsule per day
of 500 mg. Participants
maintained their diet and
normal lifestyle

Placebo (starch)

Lactobacillus acidophilus,
Lactobacillus casei,
Bifidobacterium bifidum
(2 × 109 CFU/capsule),
inulin

8 weeks

Significant decrease in body
weight (p = 0.03). Trend
towards a significant
decrease in BMI (p = 0.06)
and waist circumference
(p = 0.08) compared to the
control group

Gutiérrez-Repiso
et al. [42] 2019, Spain

n = 33
n(IG) = 24 (15/9)
n(GC) = 9
Adults (male and female)
BMI ≥ 30 kg/m2

RCT-SB

All participants
underwent a weight loss
program of two phases.
Phase 1: ketogenic diet
very low in calories
(VLCKD) with
supplementation of
vitamins and minerals +
synbiotic. Phase 2: low
calorie diet (LCD) +
synbiotic 2

Phase 1: placebo
Phase 2: the control
group split in two:
one continued
receiving the placebo
(control) and the
other group received
synbiotic 2 (placebo
group + synbiotic 2)

Synbiotic phase 1:
Bifidobacterium lactis,
Lactobacillus rhamnosus,
Bifidobacterium longum ES1
and prebiotic fiber.
Synbiotic phase 2:
Bifidobacterium animalis
subsp. lactis and prebiotic
fiber

16 weeks
(8 weeks
each
phase)

In all three treatments, the
caloric restriction induced
significant changes in weight,
waist circumference and BMI
during the entire
intervention. In the group
placebo-synbiotic 2, the
weight loss percentage was
significantly higher than in
the group of synbiotic
1-synbiotic 2 (p = 0.030)
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Table 1. Cont.

Author Year, Country Population Design Intervention Control Strains & Doses Inter
Period Results

Michael et al. [43] 2020, Bulgaria

n = 220
n(IG) = 110
n(GC) = 110
Healthy adults (male and
female)
Waist circumference >
100 cm in male and
>89 cm in female.
BMI: 25–39.4 kg/m2

Age: 30–65 years

RCT-DB

Consumption of a
capsule of the probiotic
Lab4P. Participants kept
their usual life style

Placebo of cellulose
microcrystalline

Lab4P:
Lactobacillus acidophilus
CUL60 (NCIMB 30157),
Lactobacillus acidophilus
CUL21 (NCIMB 30156),
Lactobacillus plantarum
CUL66 (NCIMB 30280),
Bifidobacterium bifidum
CUL20 (NCIMB 30153) and
Bifidobacterium animalis
subsp. Lactis CUL34
(NCIMB 30172) for a total
of 5 × 1010 (CFU) per
capsule

24 weeks

Significant decrease in
weight between groups
(p ≤ 0.0001), BMI
(p ≤ 0.0001), waist
circumference (p ≤ 0.0001)
and the ratio waist/height
(p ≤ 0.0001)

Razmpoosh
et al. [44] 2020, Iran

n = 70
n(IG) = 35
n(CG) = 35
Women with overweight
and obesity,
non-smokers.
BMI ≥ 25 kg/m2

RCT

Participants received a
diet low in energy with
50 g/day of kashk
yogurt (high in protein,
calcium and enriched
with probiotics)

Diet low in energy
without kashk

1.85 × 106 (CFU/g)
L. acidophilus La5 and
1.79 × 106 CFU/g of
B. lactis Bb12

8 weeks

Significant reductions in the
intervention group in BMI
(p = 0.018), percentage of
body fat (p = 0.037) and waist
circumference (p = 0.047) in
comparison with the control
group

Song et al. [45] 2020, Korea
Republic

n = 50
n(IG) = 25
n(GC) = 25
Adults (male and female)
healthy, with obesity
(agree with the Obesity
guidelines of
Asia-Pacific)
BMI > 25 kg/m2

Age: 20–60 years

RCT-DB 2 probiotics
capsules/day

Placebo of fructo-
oligosaccharide and
magnesium.
stearate.

Bifidobacterium breve CBT
BR3 isolated from Korean
infant stools (15 billion
viable cells/2 capsules),
Lactobacillus plantarum CBT
LP3 isolated from kimchi,
Korean fermented
vegetable products
(15 billion viable
cells/2 capsules)

12 weeks

Significantly reduction of
waist circumference
(p = 0.049) and the
relationship between visceral
and subcutaneous fat area
(p ≤ 0.001) in the probiotics
group

Lim et al. [46] 2020, Korea
Republic

n = 114
n(IG) = 57
n(CG) = 57
Adults (male and
female), healthy
BMI > 25 kg/m2

Age: 20–65 years

RCT-DB

2 probiotic capsules per
day. Healthy life style
recommendations were
made and the
participants were
encouraged to maintain a
favorable lifestyle

Placebo Lactobacillus sakei CJLS03
5 × 109 CFU 12 weeks

Body fat mass decreased by
0.2 kg in the probiotic group
and increased by 0.6 kg in the
placebo group (p = 0.018).
After 12 weeks, the waist
circumference was 0.8 cm
smaller in the CJLS03 group
than in the placebo group
(p = 0.013). BMI and body
weight did not change after
12 weeks
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Table 1. Cont.

Author Year, Country Population Design Intervention Control Strains & Doses Inter
Period Results

Sergeev et al. [47] 2020, USA

n = 20
n(IG) = 10
n(GC) = 10
Adults (male and female)
with overweight or
obesity
Average BMI: 33.5 kg/m2

Age: 47.4 years

RCT

A weight-loss eating
plan was followed (low
in carbohydrates high in
protein), plus a capsule
of synbiotic per day

The same eating plan
as the intervention
group was followed
placebo group, but
received a placebo
capsule per day

One capsule contained:
15 × 109 CFU of patented
strains of Lactobacillus
acidophilus DDS-1,
Bifidobacterium lactis
UABla-12, Bifidobacterium
longum UABl-14 and
Bifidobacterium bifidum
UABb-10. The prebiotic
component was a mix of
trans-galacto-
oligosaccharides (GOS) at a
dose of 5.5 g/day

12 weeks

No statistically significant
differences in the body
composition (body mass,
BMI, body fat mass,
percentage of body fat, lean
body mass) between placebo
and synbiotic groups at the
end of clinical trial

Michael et al. [48] 2021, Bulgaria

n = 70
n(IG) = 35
n(CG) = 35
Adults (male and female)
with overweight, healthy
BMI: 25–29.9 kg/m2

Waist circumference of
males> 100 cm;
females > 89 cm
Age: 45–65 years

RCT-DB

Daily consumption of a
probiotic Lab4P capsule.
Participants maintained
their diet and normal
lifestyle

Placebo

Lab4P:
Lactobacillus acidophilus
CUL60 (NCIMB 30157,
Lactobacillus acidophilus
CUL21 (NCIMB 30156),
Lactobacillus plantarum
CUL66 (NCIMB 30280),
Bifidobacterium bifidum
CUL2, Bifidobacterium
animalis subsp. Lactis
CUL34 (NCIMB 30172) for
a total of 5 × 1010

CFU/capsule

36 weeks

Significant decrease in body
weight (p ≤ 0.0001) between
groups, predominantly in the
probiotic group. Significant
decrease among groups in
waist and hip circumference
(p < 0.0001)

Rahayu et al. [49] 2021, Indonesia

n = 60
n(IG) = 30
n(CG) = 30
Adults (male and female)
healthy
BMI ≥ 25 kg/m2

RCT
1 g of powdered
skimmed milk with
probiotic

1 g of powdered
skimmed milk
without probiotic

Lactobacillus plantarum
Dad-13 of
2 × 109 CFU/pack

12 weeks

Significant decrease in body
weight and BMI (p ≤ 0.05)
after 90 days of ingestion of
probiotics

n(IG): number of participants in the intervention group; n(GC): number of participants in the control group; RCT: Randomized Controlled Trial; SB: Simple Blind; DB: Double Blind; TB: Triple Blind; BMI: Body
Mass Index.



Nutrients 2021, 13, 3627 12 of 18

The articles came from different countries, the majority being from Asia, where the
most prevalent countries were Iran, South Korea and Japan. The second most prevalent
countries were from the European continent, including Spain [39,42], Bulgaria [43,48] and
Turkey [31]. The remaining countries were the United States [47], Canada [24,25] and
Brazil [35]. From the 27 selected studies, 24 were conducted in adult populations and
three in children [26,31,37]. Most of the studies considered both sexes, with the exceptions
of [29,35,44,50], which were conducted in female only. The average age of the people
included in the trials was 31.1 years, and the average BMI was 30.5 kg/m2.

Regarding the typology of the selected articles, they all had a quantitative approach,
being randomized controlled clinical trials. Although most of the studies were double-
blind, we found also single [31,42,44,47,50] and triple blind [26] studies. The most of
the selected articles used probiotics except seven studies which investigated the effect
of synbiotics [26,31,37,41,42,47,51]. Intervention duration average was 12 weeks, being
1 week the minimum [31] and 36 weeks the maximum [48] duration. Finally, the minimum
sample size included 20 subjects [47] and the maximum, 225 [43].

Regarding the probiotic bacteria used in both probiotics and synbiotics, the genus
Lactobacillus standed out, which included strains from the species L. rhamnosus, L. gasseri,
L. plantarum, L. casei, L. lactis, L. acidophilus, L. delbrueckii, L. reuteri and L. curvatus. Regard-
ing Bifidobacterium, it was common the use of strains belonging to the species B. animalis,
B. bifidum, B. lactis and B. breve.

Probiotics and synbiotics were administered mainly through capsules, but also pow-
ders [30,31,34,49] and food products, mainly fermented dairy products such as probiotic
yogurts [24,34,36,50] or fermented milks [27].

From the 27 studies, 11 combined the intervention with probiotics/synbiotics with
other weight-loos strategies [25,28,29,36–38,42,44,47,48,50]. These combinations were suc-
cessful in all of them but in two [33,47], which did not find significant differences. From
the studies using either probiotics or synbiotics as unique intervention, only one did not
find significant effects [24].

3.3. Probiotic Strains, Daily Doses and Total Intervention Doses

Most of the studies using fermented foods for the intake of probiotics contained
lactic acid bacteria (LAB) as starter cultures, coming from the genus Lactobacillus and
Bifidobacterium mainly.

On the other hand, we found a great diversity in terms of probiotic species and strains
used to treat overweight and/or obesity. Most of the studies reported the probiotic/symbiotic
formulations at the strain level, either using multi-strains [29,30,33,40,44,45,47,48,52] or, single-
strain [23,25,27,34,36,38,39,46,49,51] in their formulations.

When used as single-strain, all probiotic interventions showed positive effects in
decreasing body weight, BMI, waist circumference, body fat mass or fat percentage.
These strains belonged to the genera Lactobacillus (L. rhamnosus CGMCC1.3724 (LPR) [25],
L. gasseri BNR17 [38], L.gasseri SBT2055 [27], L. sakei CJLS03 [46] and L. plantarum Dad-
13 [49]), Bifidobacterium (B. lactis Bb-12 [36], B. animalis ssp. Lactis 420 (B420) [51], B. animalis
CECT8145 [39]) and Pediococcus (Pediococcus pentosaceus LP28 [34]).

The multi-strain combinations were multiple and are detailed in Table 1.
The probiotic amount and duration of the intervention studies varied, from a maxi-

mum dose of 5 × 1010 [19,20] and the minimum dose of 1 × 106 [24], and from 4 [21] to
36 [20] weeks, respectively.

3.4. Quality Assessment

Table S2 shows the evaluation of the methodological quality of the 27 randomized
clinical trials included in this systematic review, carried out using the Jadad scale. A
total of seven studies were rated with poor methodological quality [31,37,42,44,46,47,50]
(<3 points), and six studies obtained an acceptable score [23,24,26–29,36] (3 or 4 points).
The remaining studies obtained the maximum score (5 points). Most of the studies clearly
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described the method of randomization used in the study, as well as the blinding procedure.
Others, however, did not explain the method of allocation concealment or blinding, and
some were not defined as double-blind randomized trials, thus scoring lower.

4. Discussion

In recent years, the effect of pre- and probiotics has gained a great deal of interest in
the treatment of overweight and obesity. The results of this systematic review indicate
that probiotics and synbiotics, whether used as single-strain or multi-strain, could have a
favorable effect on weight loss and other related anthropometric markers in people with
overweight or obesity. In particular L. gasseri [23,27], different strains of L. acidophilus
alone or together with different strains of the genera Bifidobacterium [31,43,48] or Lactobacil-
lus [30,40] showed reducing effects even when the participants did not undergo energy
restriction; however these interventions had in common an intervention period ≥ 8 weeks.

Trials finding positive results also at anthropometric level combined part or all of the
intervention with a hypocaloric diet, calorie restriction, and/or increased physical activity.
Consequently, weight loss was not assigned solely to the effect of the probiotic. Therefore,
the real results of the strain(s) used in these trials are somewhat biased, especially in those
trials where the interventions were very short (4 weeks) [21].

Studies with L. gasseri showed a decrease in body weight [27], BMI [23,27], waist
circumference [23,27,38] and areas of visceral [23,27] and subcutaneous fat [23]. High
body mass has been reported to be strongly associated with risk factors for cardiovascular
diseases in both childhood and adulthood [53,54]. L. gasseri BNR17 was associated with a
decrease in visceral adipose tissue in waist and hip circumferences post-consumption [38].
In another trial carried out in adults with diabetes with the same strain, only a slight
reduction was observed (without being significant) in body weight and waist circumference;
a result possibly associated with the sample size [55]. Kadooka et al. [27] used L. gasseri
SBT2055 and observed a decrease in visceral fat area, BMI and waist and hip circumference
at doses of 106 CFU/g. When the same authors [23] used the same probiotic strain in a
higher dose, observed also a reduction in the abdominal subcutaneous fat area, which
suggests that at lower doses this strain can reduce its effectiveness.

The probiotics L. curvatus HY7601 with L. plantarum KY1032 showed reductions in
body weight, BMI and waist circumference [30], what reinforces previous results carried out
in mice, where they showed a reduction in weight gain and accumulation of fat, through
the modulation of the intestinal microbiota [56].

L. acidophilus in combination with L. casei and Bifidobacterium, maintaining the usual
lifestyle of the participants, showed positive effects in reducing body weight [41]. An-
other study using L. acidophilus with B. infantis obtained the same results [57]. Some
Lactobacillus species, including L. acidophilus, have been associated with weight gain, due
to their limited ability to break down fructose or glucose [58]. However, some species
of the genus Lactobacillus in combination with other probiotics seem to favor weight
loss [29–31,36–38,40–45,48,51,59,60].

It is worth mentioning that the doses of probiotics were different between the included
studies, the minimum dose being 106 and the maximum dose 5 × 1010 CFU. One of the
main reasons for this variations in the doses may be the characteristics of each probiotic.
Some strains are more resistant to storage, and the dosage can also vary depending on how
it is administered, for example either in dairy products or via capsule [61].

Another important point is the duration of the studies, which ranged from 4 to
36 weeks. However, most of the studies showing positive effects presented an intervention
duration of 12 weeks. Therefore, 12 weeks seems to be the trend to start observing positive
effects on body weight and/or fat mass by using probiotics. It should be noted that a
reduction of ≥5% in initial body weight in a period of 6 months is clinically relevant
and this would be associated with a significant reduction in some cardiovascular risk
factors such as a reduction in blood pressure, lipids and blood glucose [62]. In the trial of
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Michael et al. [48], 40% of the participants in the probiotic group achieved this reduction
after 9 months of supplementation, without dietary limitations.

Probiotics and synbiotics have been proposed to exert a decrease in body weight
through different mechanisms (reviewed by [63,64]). Probiotics help in the recovery of the
tight junctions between epithelial cells, thus reducing intestinal permeability, preventing
the translocation of bacteria and reducing inflammation derived from lipopolysaccharides
(LPS). The reduction in inflammation leads to an increase in insulin sensitivity in the
hypothalamus, which improves satiety. Additionally, increased concentrations of leptin in
adipose tissue, glucagon-like peptide 1 (GLP-1) and pancreatic polypeptide (PPY) in the
intestine leads to a reduction in food intake due to an increase in satiety [15]. Recently, oral
microbiota has also been associated to the development of obesity due to its modulating
effects on the intestinal microbiota [65,66] and could have had an effect in the some of
the observed results, especially in those where the intervention implied the ingestion of
fermented foods.

Despite the observed beneficial effects, probiotics and synbiotics are not yet considered
an alternative strategy in the treatment of obesity, probably due to the lack of regulation of
this market [67]. In fact, in these products essential details such as the type of strain—or
its combinations when more than one used—, the number of microorganisms included,
the treatment duration, the route of administration, the formulation or the shelf-life and
storage conditions, are often missing. Consequently, medical providers and the public
are faced with a plethora of probiotic products with not proved health claims. In fact,
the European Food Safety Authority (EFSA) has rejected all submitted health claims for
probiotics so far. More evidence-based trials that support their use are needed, taking into
account that even when evidence exists, not all probiotic products are equally effective for
all disease prevention or treatment indications.

The present study had some limitations. First of all, in many of the studies the probi-
otic/synbiotic intervention was accompanied by dietary or physical activity interventions,
which may have hidden the real effect of the probiotic strain(s) used. In addition, there
were also variations in the populations included in the different studies regarding sex
and age, which can introduce bias. The strengths of this study are that only randomized
clinical trials were included in order to compilate the highest degree of evidence, con-
ducted in otherwise healthy people with overweight or obesity in order to minimize biases.
Additionally, the review includes recent studies and provides specific strains, doses and
intervention times.

5. Conclusions

From the analyzed randomized clinical trials, this systematic review indicates that both
probiotics and synbiotics, specifically certain strains of Lactobacillus gasseri, L. rhamnosus,
L. plantarum, L. curvatus associated with other Lactobacillus species and/or with species
from the Bifidobacterium genus, have the potential to aid in weight and fat mass loss in
overweight and obese populations. There is still a need, though, for clinical trials, in order
to state more accurate recommendations in terms of strains, doses and intervention times.
It is also suggested to carry out studies in homogeneous populations in terms of sex and
age. In addition to this, it would be ideal that future trials would be carried out in the
absence of weight loss techniques (such as dietary recommendations for weight loss and
physical activity programs), in order to evaluate the specific effect of the strain/s.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/10.3
390/nu13103627/s1, Table S1: Search strategies used for this systematic review, Table S2: Assessment
of the methodological quality of the included clinical trials, using the Jadad scale.

https://www.mdpi.com/article/10.3390/nu13103627/s1
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