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Background: This systematic review and meta-analysis aim to comprehensively
evaluate the effect of probiotic dairy consumption on obesity and overweight individuals.
Methods: A systematic search was conducted across electronic databases to identify
relevant clinical trials published between 2000 and 2021. A total of 35 studies met the
inclusion criteria, comprising randomized controlled trials assessing the impact of
probiotic-containing dairy products on body mass index (BMI), weight, and waist
circumference. Random-effects meta-analysis was employed to calculate the
Standardized Mean Difference (SMD) and 95% Confidence Intervals (CI) for each
outcome.

Results: The pooled analysis of all studies indicated a significant positive association
between the consumption of probiotic-containing dairy products and BMI (SMD: 0.30,
95% CI: 0.11-0.50, P<0.001). Subsequent sensitivity analyses confirmed the consistent
relationship after excluding heterogeneous studies. Probiotic dairy consumption also
exhibited a significant effect on weight (SMD: 0.10, 95% CI: 0.00-0.20, P<0.001) and
waist circumference (SMD: 0.44, 95% CI: 0.17-0.71, P<0.001).

Conclusion: This comprehensive meta-analysis provides robust evidence supporting the
potential beneficial impact of probiotic-containing dairy products on BMI, weight, and
waist circumference in individuals with obesity and overweight. These findings
underscore the value of incorporating probiotics into dietary interventions aimed at
addressing these challenging public health issues. Further research is warranted to
elucidate the mechanisms underpinning these effects and to optimize the implementation
of probiotics in clinical practice.

Keywords: Probiotic; Dairy; Body Mass Index (BMI); Obesity; Overweight; Systematic
Review; Meta-Analysis.
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1. Introduction

Obesity and overweight have emerged as
significant global health concerns, with a rising
prevalence across various age groups and
geographical regions. These conditions are
associated with a multitude of health
complications, including cardiovascular diseases,
type 2 diabetes, and metabolic syndrome.
Addressing the complex factors contributing to
obesity and overweight requires a comprehensive
approach that encompasses dietary habits,
lifestyle modifications, and novel interventions
(1). Probiotics, defined as live microorganisms
that confer health benefits when administered in
adequate amounts, have gained substantial
attention for their potential role in modulating gut
microbiota composition and function. Emerging
research has highlighted the potential of probiotic-
containing dairy products as a promising
intervention to combat obesity and overweight.
Dairy products, known for their nutritional
richness and probiotic content, offer a unique
platform for delivering these beneficial
microorganisms to consumers (2-8). Despite a
growing body of individual studies exploring the
relationship between probiotic dairy consumption
and its effects on body weight and composition,
there remains a need for a comprehensive
synthesis of available evidence. A systematic
review and meta-analysis provide a robust
methodology to aggregate and evaluate existing
research  findings, allowing for a more
comprehensive understanding of the overall effect
size and potential clinical implications (9-12). In
this context, the present study aims to
systematically review and conduct a meta-
analysis of the available literature to assess the
effect of probiotic-containing dairy products on
obesity and overweight (13). By synthesizing the
collective evidence from clinical trials, this paper
aims to elucidate whether there is a significant
relationship between the consumption of probiotic
dairy products and improvements in body mass
index (BMI) and waist circumference (14-16).
The outcomes of this study hold the potential to
inform dietary recommendations and public
health interventions aimed at tackling the growing
burden of obesity and overweight. By critically
evaluating and summarizing the existing research
landscape, this paper contributes to the broader
understanding of the role of probiotic dairy
consumption in promoting healthy body weight
and composition (17-22). In the following

sections, we present the methodology employed
for the systematic review and meta-analysis,
followed by a comprehensive presentation and
discussion of the results obtained. Through this
analysis, we aim to provide a comprehensive
overview of the current state of knowledge in this
area and offer insights into potential avenues for
future research and clinical applications.

2. Methods:

2.1 Guidelines

This study's methodology adheres to the Preferred
Reporting Items for Systematic Reviews and
Meta-analyses (PRISMA), ensuring a systematic
and transparent approach to data collection and
analysis (23, 24).

2.2 Search Strategy

Four databases, including PubMed/Medline, ISI
Web of Science, Cochrane, and SCOPUS, were
thoroughly searched. The goal was to find
pertinent research that looked at how probiotic
dairy consumption can affect obesity and
overweight. It had been published between the
years 2000 and 2022. (“weight control* AND
"dairy" AND "probiotics") OR ("weight loss"
AND  “dairy" AND "probiotics") OR
("overweight" AND "dairy" AND "probiotics")
OR ("obesity" AND "dairy" AND "probiotics")

2.3 Study Screening

Inclusion criteria were meticulously applied to the
retrieved articles, narrowing the scope to studies
published in English after the year 2000.
Additionally, a comprehensive review of the
references of retrieved studies was performed to
ensure the inclusion of any relevant articles.
Independent screening of articles was conducted
by two researchers to identify studies meeting the
defined criteria.

2.4 Inclusion and Exclusion Criteria

Eligibility criteria for inclusion were stringent,
encompassing various study designs, including
observational and intervention studies such as
clinical trials, cohorts, case-control, and cross-
sectional analyses. Conversely, exclusion criteria
covered letters, opinions, editorials, reviews,
meta-analyses, animal studies, investigations
involving children below 18 years, in vitro
studies, and studies not available in the English
language.
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2.5 Data Extraction

A standardized data collection form was used to
ensure consistency and accuracy during the data
extraction process. The extracted data were
organized and entered into Microsoft Excel 2016
for subsequent analysis.

2.6 Quality Assessment

The quality of case-control, cohort, and cross-
sectional studies was assessed using the
Newcastle-Ottawa scale (NOS). Studies with
NOS scores of 7 or higher were deemed to have
"high" quality.

2.7 Statistical Analysis

Data analysis was conducted using the STATA
version 14 software. Statistical significance was
set at P < 0.05. Effect sizes, represented as Odds
Ratios (OR) or Relative Risks (RR) along with
their corresponding 95% Confidence Intervals
(Cls), were pooled using a random-effects model.

2.8 Heterogeneity and Subgroup Analysis
Heterogeneity was assessed using Cochran's Q
test and the 12 statistic. Subgroup analyses were
performed to explore potential sources of
heterogeneity based on different dairy types,
probiotic strains, and participant populations.

2.9 Publication Bias Assessment

Egger's test was utilized to examine potential
publication bias, providing insights into the
selective reporting of studies.

4. Results

4.1 Search Results

Following a systematic search based on the search
strategy outlined in the previous section, a total of
1266 articles were imported into the EndNote
software. Additionally, to ensure comprehensive
coverage, a systematic search of articles on
Google Scholar was conducted, resulting in 20
additional articles. After removing duplicates
using EndNote, 833 articles remained for further
examination. A further 84 duplicate articles were
manually excluded. In total, 749 article titles
underwent review. Upon title review, 91 articles
were selected for abstract screening. Ultimately,
35 articles were included in the meta-analysis.
Figure 1 illustrates the flow diagram of the search
process according to the PRISMA guidelines.
Figure 1. PRISMA Flow Diagram of the Search
Process

4.2 Characteristics of Included Studies

This systematic review encompassed 35 clinical
trials. The studies were published between 2000
and 2021. All studies encompassed both genders.
Among these, 30 articles specifically assessed the
relationship between the consumption of specific
probiotic-containing dairy products and obesity (1
article on yogurt, 14 on yogurt, 13 on enriched
milk and kefir, 1 on soy milk, and 1 on cheese).
Four studies evaluated this association in diabetic
patients, 15 in overweight and obese individuals,
4 in patients with metabolic syndrome, 3 in
patients with hypercholesterolemia, 1 in patients
with Alzheimer's disease, 1 in patients with fatty
liver, and 7 studies investigated healthy
individuals.

In 16 studies, the added probiotic contained
Lactobacillus acidophilus, in 5 studies it contained
Lactobacillus casei, in 4 studies it contained
Lactobacillus plantarum, and finally, in 8 studies,
Streptococcus thermophilus was used as the added
probiotic to dairy products. In all articles, a BMI
above 25 was classified as overweight and a BMI
above 30 was classified as obesity. Table 2
provides a summary of information for each of the
included studies.

Table 2. summary of information for each of the
included studies
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BMI wcC BMI wcC BMI BMI BW wcC BMI BW BMI BW
L. gasseri L. gasseri . 3 L. acidophilus, S. B. breve L. bulgaricus,
thermophilus, L. thermophilus Bifidobacterium lactis
Kefir Kefir Kefir Yogurt Capsule Yogurt
12 12 8 12 12 10
47.1 47.4 19-65 274 59.5 455
Healthy Healthy Overweight Overweight Overweight Metabolic Syndrome
210 (105) 100 (50) 36 (36) 89 (89) 44 (27) 87 (53)
Japan Japan South Korea Iran Japan Iran
Kadooka 2013 Kadooka 2013 Lee 2013 Majd 2016 Minami 2015 Mohammadi 2018
13 14 15 16 17 18
1.63 149 0 0 -0.09 0.07 0.06 0.26 0.24 1.02 114 1.38
BMI BMI BMI BW wcC BMI BW BMI BW BMI BW wcC
N/A N/A L. helveticus L. casei L. reuteri L. gasseri
Kefir Milk Yogurt Kefir Yogurt Kefir
8 8 12 1 6 12
35.2 25-45 59.5 245 50.3 48.9
Overweight and Overweight and Type 2 Diabetes Healthy Healthy Healthy
Obesit Obesit
58 (na) 75 (75) 41 (0) 17 (3) 120 (61) 87 (28)
Iran Iran Denmark UK Czech Rep. Japan
Fathi (A) 2016 Fathi (B) 2016 Hove 2015 Hulston 2015 Jones 2012 Kadooka 2010
6 7 9 10 11 12
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4.3. Meta-analysis:

To standardize the reported effect sizes in the
articles, the effect sizes were combined to obtain
the overall effect size for each article. The
random-effects method was used to merge the
data, and SMD was calculated for each analysis.
The overall analysis of all available effect sizes
showed a significant relationship between the
consumption of  probiotic-containing  dairy
products and the body mass index (BMI) (SMD:
0.30, 95% CI: 0.11-0.50, P< 0.001) (Figure 2).

%
SMD (95% C1) Waight

A38(195, 082 1%
0.12(0.39, 0.62) a1sr
006 (0%, 078 250
0.11 {-0.44, 0.66) 142
0EI N 10)  Im
—_—— 163095, 228) in
149 (086, 212) 115
0.22 (084, 040) 117
0.00 (064, 0.64) 2
007 (088, 102) 220
U26(0.10,062) 405
1.02 (057, 147) am
0.80 (0.46, 1.15) 4
109073, 148) 407
062(0.05,129) 301
0.02 (-0.40, 0.47) g
0.00 {-0.55, 0.55) 14
020(022, 06 185
022 (0.M,057) 406
035(001,071) 406
U.10(0.36,056 372
0.01{0.38, 041) 1M
005 (07T, 066 287
0.00(0.72, 066 254
0.04(0.86, 055 357
063013 1.13) 15
054 (026 1.4) 262
021(030,072) 3156
0.04(052, 059 140
0300105 19000

T
2:

Figure 2. Forest plot depicting the effect of probiotic
dairy on BMI before excluding heterogeneous articles.

Heterogeneous studies were identified and
excluded based on the Galbraith plot. As shown in
Figure 3, five studies were excluded due to
overestimation and one study due to
underestimation.

Linear

Figure 3. Galbraith plot for identifying
heterogeneous studies in the analysis of body mass
index.

After excluding heterogeneous studies, the data
was aggregated again, and SMD was calculated
for each analysis. The overall analysis of all
available effect sizes showed that even after
removing outlier articles, a significant relationship
between the consumption of probiotic-containing
dairy products and patients' weight still existed
(SMD: 0.19, 95% CI: 0.09-0.30, P < 0.001)
(Figure 4).
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004 (052,050) 350
0.19(0.09,0.30) 100.00

T
134

T
0 134

Figure 4. Forest plot depicting the effect of probiotic
dairy on weight after excluding heterogeneous articles.

For waist circumference, the effect of these
products on waist circumference is presented in
Figure 5. The random-effects method was used to
combine the data, and SMD was calculated for
each analysis. The overall analysis of all effect
sizes available indicated a significant relationship
between the consumption of probiotic-containing
dairy products and patients' weight (SMD: 0.26,
95% ClI: 0.17-0.46, P< 0.001).
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Figure 6. Galbraith plot for identifying heterogeneous
studies in the analysis of patient weight.
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Naito, 2018 002(-0.38,041) 642
Ogawa, 2015 -0.04 (0.75,068) 197
omar, 2012 015(-059,0.69) 183
Q0l. 2010 -0.03 (0.72,0.66) 2.10

Ostadranimi, 2015
Rahayu, 2021

Razmpoosh, 2019
Rondanelli. 2021

001(-050,052) 393
0.09(-0.42,0.60) 3.93
0.00(-0.49,0.49) 4.26
056 (024 1.36) 157

Sadrzadeh-Yeganen, 2010 —_— -0.02 (0.53,0.49) 3.93
Zarrati, 2014 —_— 002(-053,058) 328
Overall (-squared = 44.8%, p = 0.007) o 0.10(0.00,020) 100.00
T - T
195 [ 195

Figure 7. Forest plot depicting the effect of probiotic
dairy on weight after excluding heterogeneous articles.

For waist circumference, as shown in Figure 8, the
results of studies investigating the effect of
probiotic-containing dairy products on waist
circumference are displayed. The random-effects
method was used to assess these studies. The
results indicated a significant effect with SMD:
0.44, ClI: 0.17-0.71 (1"2: 76.4, P<0.001).

Figure 5. Forest plot depicting the effect of probiotic
dairy on waist circumference before excluding
heterogeneous articles.

Outlier studies were again removed using the
Galbraith plot (Figure 6), and the results were
reanalyzed using the Random Effect method. The
results are presented in Figure 7 (SMD: 0.10, 95%
Cl: 0.00-0.20, P<0.001).
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Figure 8. Forest plot depicting the effect of probiotic
dairy on waist circumference.

4-4, Study Quality:

According to the NOS scale, all articles obtained
an acceptable score (NOS score of 7 or higher).
The lost scores in most studies were primarily
related to the selection criteria.

4-5. Publication Bias:

Publication bias was assessed using the Egger's
test. A funnel plot was also constructed. Both tests
indicated that the estimates are symmetric, and
there is no publication bias for any variable.
Figure 9 illustrates the funnel plot for assessing
publication bias.

Figure 9. Funnel plot for assessing publication bias
regarding weight (A) and body mass index (B).

Discussion

The present study conducted a systematic review
and meta-analysis to examine the effect of
probiotic-containing dairy product consumption
on obesity and overweight. The results of our
analysis suggest a significant relationship between
such dietary interventions and body weight
metrics. The analysis of standardized mean
differences (SMDs) for body mass index (BMI)
revealed a substantial effect in favor of probiotic
dairy consumption. The overall SMD of 0.30
(95% CI: 0.11-0.50) indicates a notable reduction
in BMI among individuals who regularly
consumed probiotic dairy products. This finding

aligns with the notion that probiotics, as live
microorganisms with potential health benefits,
may influence metabolic processes, thereby
contributing to weight management (25-31).
Heterogeneity is an important consideration in
meta-analyses. The identification and exclusion of
heterogeneous studies aided in enhancing the
robustness of our results. After removing outlier
studies, the consistent association between
probiotic dairy consumption and weight reduction
persisted, as evidenced by an SMD of 0.19 (95%
Cl: 0.09-0.30). This finding underscores the
potential of probiotic-containing dairy products to
contribute positively to weight control efforts (4-
7). In addition to BMI, waist circumference is a
crucial anthropometric indicator of obesity-related
health risks. Our analysis of waist circumference
revealed a significant effect associated with the
consumption of probiotic dairy products. The
initial SMD of 0.26 (95% CI: 0.17-0.46) indicated
a positive influence on waist circumference
reduction. Despite the heterogeneity observed in
the studies, the exclusion of outliers led to the
affirmation of this relationship, with an SMD of
0.10 (95% ClI: 0.00-0.20)(3).

The consistency of the observed effects across
BMI and waist circumference metrics, even after
addressing heterogeneity, adds strength to the
validity of our findings. However, it is important
to note that while our results are promising, the
mechanisms underlying the observed effects
require further exploration. The influence of
probiotics on gut microbiota composition,
modulation of inflammation, and potential
impacts on energy metabolism warrants in-depth
investigation (3-8). Several limitations of this
study should be acknowledged. The diversity in
study designs, populations, and interventions
among the included studies may have contributed
to heterogeneity. Additionally, publication bias
and the lack of long-term follow-up in some
studies are potential sources of bias. Further
research with well-designed, controlled trials and
standardized interventions is needed to confirm
and elucidate the observed relationships.

In conclusion, this systematic review and meta-
analysis provides evidence suggesting a
significant ~ association  between  probiotic-
containing dairy product consumption and
beneficial effects on BMI and waist
circumference. Our findings underscore the
potential role of probiotics as a complementary
strategy for obesity and overweight management.
Future research should focus on unraveling the
underlying mechanisms and establishing specific
recommendations for the incorporation of
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probiotic dairy products into dietary strategies for
weight control.
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