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Obesity can mediate the occurrence of many cardiovascular metabolic diseases, such as coronary heart 
disease and diabetes, which will lead to a significant increase in all-cause mortality in obese people. 
Visceral fat refers to the excessive accumulation of adipose tissue in abdominal organs, which can 
lead to impaired normal function of organs. In recent years, it has been reported that probiotics can 
reduce obesity and visceral fat content, and some studies have put forward the opposite conclusion. 
In order to guide the practice of nutrition, we use Meta-analysis method to analyze these conclusions. 
The authors searched randomized controlled trials on the effects of oral probiotics on body weight and 
visceral fat content in obese people published before January 2024 in several public databases, such 
as PubMed, Web of Science, EMBASE, Cochrane Library and CNKI. The primary outcome was body 
weight, and the secondary outcomes included BMI, waist circumference, visceral fat content, and low-
density lipoprotein levels. This trial has been registered in PROSPERO (CRD42024521353). A total of 8 
randomized controlled trials involving 412 patients were included in this meta-analysis. Meta-analysis 
showed that the weight loss of the experimental group taking probiotics was significantly higher than 
that of the control group (P < 0.00001). The reduction of waist circumference in the experimental group 
taking probiotics was significantly different from that in the control group (P = 0.01). The decrease 
of visceral fat content in the experimental group taking probiotics was significantly different from 
that in the control group (P < 0.00001). There was no significant difference in BMI and LDL-C levels 
between the experimental group and the control group. Oral probiotics can reduce weight loss, 
waist circumference and visceral fat content in obese patients, which may be a potential nutritional 
treatment for obese patients in the future. However, whether oral probiotics can reduce BMI and LDL-C 
levels in obese patients needs to be included in more RCTs and further discussed in the future.
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Probiotics have developed rapidly and become one of the most commonly used food supplements in the 
world since they were proposed in 19741. Probiotics are often used to improve the dynamic balance of internal 
microflora to maintain human intestinal health2,3. In addition, human gut microbes may play a role in the 
development of metabolic diseases such as obesity, diabetes and inflammatory bowel disease4. Current studies 
have shown that probiotics have potential health benefits, including preventing and treating diarrhea, improving 
intestinal diseases, reducing the risk of neonatal infections, reducing respiratory infections and cardiac 
metabolic problems, and significantly reducing total cholesterol and LDL-C in people with mild to moderate 
hypercholesterolemia, the exact effects of probiotics on these conditions have not yet been determined5. 
However, the exact effect of probiotics on these conditions has not yet been determined due to inconsistent 
research6. At present, most studies suggest that probiotics exert their benefits through a variety of mechanisms, 
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such as immune regulation, regulation of microbiota and one of the most important mechanisms of probiotics in 
obesity and promoting weight loss is to reduce oxidative stress and inflammation7,8. However, these studies have 
limitations. For example, they cannot fully explain the complex interactions between microorganisms, and are 
difficult to replicate in vivo experiments. In particular, the colonization ability of probiotics in the gastrointestinal 
tract of mice is limited9,10. Besides, khavari-Daneshvar et al. reported that, unlike Bifidobacterium bifidum, the 
number of Lactobacillus acidophilus did not change in the intestinal tract of mice for a long time, indicating that 
the stability of Lactobacillus acidophilus in the intestinal flora of mice was higher than that of Bifidobacterium 
bifidum11.

Obesity makes its all-cause mortality significantly higher than other populations by increasing the risk of 
cardiovascular disease and metabolic disease12. The pathogenesis of obesity involves energy utilization, food 
intake and body‘s self-regulation and feedback, but also has a complex interaction mechanism with medical 
and health conditions, socio-economic conditions and potential genetic and environmental factors13. Gene 
expression is one of the important factors affecting obesity and excessive visceral fat. The study of Friedman JM 
et al.suggested that mouse obesity is caused by mutations in at least five identified genes, namely the OB gene, 
DB gene, Agouti Yellow gene, Tubby gene and Fat gene encoding leptin. These mutations lead to overeating, 
reduced energy expenditure, and extreme obesity in mice, accompanied by metabolic abnormalities such as 
hyperglycemia, hyperinsulinemia, decreased thyroid hormones, and reproductive dysfunction14.

The causes of visceral fat include dysfunctional subcutaneous adipose tissue expansion and ectopic storage 
of triglycerides. Age, gender and genetics are the factors affecting visceral adipose tissue accumulation15. In 
addition, peptide hormones also have important effects on obesity and visceral fat. The most critical hormone 
is leptin, which is a peptide hormone mainly secreted by adipose tissue and provides signals about fat storage to 
the brain16. In addition, the activation of the PI3K/AKT pathway and the downstream mTOR pathway are also 
involved in the control of leptin on appetite and weight loss17. Another peptide hormone called ' Ghrelin ' was 
originally predicted to exist according to bioinformatics methods. It was later discovered and artificially isolated. 
It is a hormone mainly produced by endocrine cells of the gastrointestinal tract. Ghrelin mainly activate cells in 
the anterior pituitary and hypothalamic arcuate nucleus, including neuropeptide Y neurons that initiate appetite, 
which may help prepare food intake by increasing gastric peristalsis and stimulating gastric acid secretion18,19. 
Gastrin is a peptide hormone that stimulates gastric parietal cells to secrete gastric acid ( HCl ) and promotes 
gastric motility. Injection of gastrin promotes food intake and gastric emptying in mice20. Long-term intake of 
gastrin may increase food intake and body weight. Therefore, gastrin and ghrelin may have the same biological 
effects.

Continuous weight loss to normal or slightly higher than normal is the main goal and challenge of non-
nutritive treatment. Long-term, multi-modal and personalized comprehensive methods are needed to control 
obesity and visceral fat21. Anti-obesity drugs and bariatric surgery can help most patients continue to lose weight 
to normal levels. These drugs act on the central nervous system to inhibit hunger and appetite22. In the past five 
years, targeted therapy and new anti-obesity drugs for single-gene obesity have been developed in medicine, 
effectively reducing weight by more than 10% in 65% of subjects. Due to the short time to market of these drugs, 
the data on the long-term safety, efficacy and cardiovascular effects of these drugs are still unclear23. Nutritional 
therapy for obesity and excessive visceral fat mainly relies on lifestyle interventions. Through alternative 
interventions based on dietary patterns, food quality and mindfulness, it may be better to support long-term 
adherence to behavioral change24. Also, the latest research results suggest that intermittent fasting and meal 
replacement can be used as obesity treatment options25,26. What’ s more, some previous basic studies have put 
forward the opposite conclusion on whether probiotics can improve obesity and visceral fat3,6,10. The purpose 
of this study is to explore whether oral supplementation of probiotics can significantly improve the body weight 
and visceral fat level of obese patients.

Method
This Meta-analysis methodology is based on the systematic review and Meta-analysis Preferred Reporting Items 
(PRISMA)28. This work has been evaluated in accordance with the PRISMA and Assessment of Systematic 
Reviews Methodology Quality Guidelines (AMSTAR). The protocol of this meta-analysis has been registered in 
PROSPERO and approved for implementation (CRD42024521353).

Search strategy
The search strategy used the PICOS (Population, Intervention, Comparison, Results and Research Design) 
criteria recommended in the Cochrane Handbook for Systematic Reviews13. We searched the PubMed, Web 
of Science, EMBASE, Cochrane Library and CNKI databases, and the retrieval date was until January 2024. We 
use the same keywords to search in the above database. The search terms were set using the MeSH thesaurus 
developed by the NIH. The English search terms included ‘Fatness’, ‘Obesity’, ‘Probiotics’, 'Probiotic yogurt’, 
'Adiposis’, 'Obese subjects‘, 'Overweight’ et al.

In order to search for as many RCTs as possible and improve the quality of retrieval, we did not set language 
restrictions for inclusion in the study. At the same time, in order to ensure the high quality of retrieval, we 
carried out artificial secondary screening. Two reviewers (Manhou Guo and Zhe-an Shen) trained in Meta-
analysis independently conducted a second screening, and the selected literature was formally included. If 
there is ambiguity within the two reviewers, the decision of the two reviewers will be arbitrated by the third 
reviewer(Yongchun Wei).

Inclusion criteria
We used the following inclusion criteria: (1)The type of study was RCT; (2) Adults with oral intake of probiotics 
(age ≥ 18 years); (3) The control group used a placebo; (4) Clear indications for obesity intervention (patients 
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with BMI > 28 or BMI > 24 but with metabolic syndrome); (5) The allocation of the experimental group and 
the control group used a strict blind method and randomization method; (6) The experimental group and the 
control group were comparable in basic data.

Exclusion criteria
We also have strict data reliability exclusion criteria: (1) Trials without ethical approval; (2) Animal and in 
vitro experiments; (3) Patients had organ failure; (4) People with metabolic diseases other than obesity-related 
diseases; (5) Cancer population; (6) Special diet is being used; (7) Research on potential conflicts of interest.

Data cleaning and extraction
According to the recommended requirements of the Cochrane guidelines, the data extraction process was 
completed independently by two independent reviewers. The data extraction included the first author‘s name, 
publication year, experimental design, number of patients in the experimental group and the control group, 
baseline data of patients, types of oral probiotics, number of patients with improved obesity, number of patients 
with improved visceral fat level, number of other complications, frequency and single number of probiotics.

The primary outcome measure was the number of patients with reduced obesity. Secondary outcome 
measures included visceral fat improvement, correlation between baseline data and improvement, correlation 
between probiotic species and treatment effect, correlation between frequency and single dose of probiotics and 
treatment effect, and incidence of other complications.

Bias assessment
We used the Cochran Risk Bias Evaluation Tool to evaluate the risk bias of the RCTs included. The evaluation 
points were as follows: random sequence generation (selection bias), allocation concealment (selection bias), 
blinding of participants and personnel (performance bias), blinding of outcome assessment (detection bias), 
incomplete outcome data (attrition bias), selective reporting (reporting bias) and other biases not mentioned 
above. The authors carefully assessed the risks of various types of bias and choose one of the three options.

The assessment rules were as follows: high risk (the authors believe that the risk may or will affect the accuracy 
of subsequent data analysis), unclear risk (the authors were unable to objectively or correctly assess the risk of 
the bias for various reasons or the risk level of the bias was between high and low risk) and low risk (the authors 
believe that this bias does not affect the accuracy of subsequent data processing or is unlikely to affect it).

Statistical methods
Revman Manager V.5.3 was used for statistical analysis. The risk ratio (RR) of the binary classification results 
was calculated, and the confidence interval (CI) was set to 95%. In calculating the continuous variables, this 
study used the mean ± standard deviation measurement, and the CI was set to 95%. The Cochran Q statistic was 
used to evaluate the heterogeneity, where P ≤ 0.10, indicating that the heterogeneity was statistically significant. 
I2 statistic was used to evaluate the effect of heterogeneity. I2 = 0% indicates no heterogeneity, 25-49%, 50-74% 
and > 75% indicate low, medium and high heterogeneity, respectively. When I2 ≥ 50%, random effect model (RE) 
and Laird weight are used. When I2 < 50%, the fixed effect model was used for testing. P < 0.05 was considered 
statistically significant, and P < 0.01 was considered statistically significant.

Result
Study selection and characteristics
We searched databases and found a total of 381 data. After removing duplicates, 98 were retained, and 88 of 
them were removed after reviewing the title and abstract. Subsequently, we conducted a full-text review and raw 
data review of 10 articles, and eliminated 3 articles due to suspicious publication bias and possible experimental 
defects. Finally, we included 7 articles. Figure  1 shows our screening strategy and screening process results. 
Seven studies that met the inclusion and exclusion criteria were published between 2014 and 2020, with a total 
sample size of 412 people. All the included studies were RCTs, and the intervention strains included Bacillus 
subtilis, Bacillus coagulans, Lactobacillus curvatus, Lactobacillus plantarum, Lactobacillus casei, Lactobacillus 
rhamnosus, etc. Three studies did not give data on the gender of the enrolled subjects27–29. Two studies did not 
give data on the age of the enrolled subjects27,30. In another study, the subjects were all female36. Except for 
one study, the number of subjects included in other studies was more than 4031. Table 1 lists the details of the 
included studies and the general baseline data of the subjects.

Quality assessment
After bias risk assessment, two of the included studies were of high quality, and all bias risks were assessed as 
‘low risk’28,29. One study did not clearly explain the blinding method used in the study. We believe that the 
risk of potential bias caused by blinding defects is high31. In the study of Sergeev et al., the number of subjects 
included was small, and there may be no universality in statistics31. One study was assessed as having a high 
risk of selective allocation bias because it did not provide allocation principles or allocation randomization 
for the experimental and control groups30. The specific bias assessment results are shown in Figs. 2, 3, and the 
methodological evaluation of the included RCTs is shown in Table 2.   

Primary outcome: body weight
We set body weight as the main outcome indicator of this study. 7 RCTs included in this study all provided body 
weight as an outcome indicator27–33. The heterogeneity of this outcome index was extremely low (I2 = 0%), so this 
outcome measure was tested using a fixed effect model. Compared with the control group, the weight loss of the 
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experimental group taking probiotics was significantly higher (95%CI= -1.18 to -0.92, P < 0.00001) (Fig. 4). This 
shows that taking probiotics has a certain effect on weight loss.

Secondary outcomes
Waist circumference
5 RCTs provided the secondary outcomes indicator of waist circumference changes before and after 
intervention28,29,31–33. All data are continuous variables, so Mean ± SD is used to express. The outcome index 
had high heterogeneity (I2 = 78%), so the outcome index was tested using RE, and sensitivity analysis was 
performed in part 3.5. Compared with the control group, there was a statistically significant difference in the 
waist circumference reduction of the experimental group taking probiotics (P = 0.01) (Supplementary Fig. 1). 
This shows that taking probiotics has certain significance for reducing waist circumference.

References
Research 
Type Strains for Intervention

Numbers of 
Participants(Experimental 
Group/Control Group ) Age (Years, Mean ± SD) Gender (Male/Female)

Initial body weight (Kg, 
Mean ± SD)

Experimental 
Group

Control 
Group

Experimental 
Group

Control 
Group

Experimental 
Group

Control 
Group

Experimental 
Group

Control 
Group

Danielsson32 RCT Bacillus subtilis/Bacillus coagulans 27 27 31.4 ± 6.3 32.2 ± 6.9 11/16 12/15 82.0 ± 19.7 84.7 ± 9.4

Kim27 RCT Lactobacillus curvatus/Lactobacillus 
plantarum 32 34 N/A N/A N/A N/A 71.9 ± 1.43 73.2 ± 1.72

Nasiri28 RCT Lactobacillus casei/Lactobacillus 
rhamnosus 21 21 34.7 ± 5.0 34.3 ± 7.3 N/A N/A 73.7 ± 7.9 74.7 ± 9.4

Razmpoos33 RCT Lactobacillus acidophilus/
Lactobacillus 32 33 37 ± 7 36 ± 9 0/32 0/33 81.5 ± 12.0 77.0 ± 14.0

Sanchez30 RCT lactobacillus rhamnosus 62 63 N/A N/A 24/38 24/39 95.1 ± 13.9 94.0 ± 14.9

Sergeev31 RCT Bifidobacterium lactis/Lactobacillus 
acidophilus 10 10 47.8 ± 8.99 47.0 ± 15.4 3/7 2/8 90.6 ± 11.9 97.6 ± 23.1

Zarrati29 RCT Lactobacillus acidophilus /
Lactobacillus casei 25 25 36.0 ± 9.7 36.0 ± 8.4 N/A N/A 87.0 ± 22.0 90.6 ± 14.0

Table 1.  Baseline data of the included studies and baseline data of the subjects.

 

Fig. 1.  Screening strategy, screening process and result flow chart.
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Visceral fat
4 RCTs provided the secondary outcomes indicator of changes in visceral fat content before and after intervention 
with probiotics27,30,31,33. The heterogeneity of the outcome index was low (I2 = 0%), so the fixed effect model 
was used for data analysis. Compared with the control group, there was a statistically significant difference in 
the reduction of visceral fat content in the experimental group taking probiotics (P < 0.00001) (Supplementary 
Fig. 2). This shows that taking probiotics has a certain significance in reducing visceral fat content.

Low density lipoprotein cholesterol content
3 RCTs provided the secondary outcomes indicator of changes in LDL-C levels before and after intervention 
with probiotics30,32,33. The heterogeneity of the outcome index was extremely high (I2 = 94%), so RE was selected 
to analyze the index. Compared with the control group, there was no significant statistical difference in the 
decrease of LDL-C level in the experimental group taking probiotics (P = 0.62) (Supplementary Fig.  3). This 
indicates that taking probiotics has no significant effect on reducing LDL-C Cholesterol Content.

BMI
6 RCTs included in this study provided pre-intervention and post-intervention BMI data as secondary outcome 
indicators27–29,31–33. The outcome index had high heterogeneity (I2 = 78%), so this outcome indicator was tested 
using RE, and sensitivity analysis was performed in part 3.5. Compared with the control group, there was no 
significant difference in BMI reduction in the experimental group taking probiotics (P = 0.56) (Supplementary 
Fig. 4). This shows that taking probiotics has no significant effect on reducing BMI in overweight people.

Sensitivity analysis of high heterogeneity results
Because of the high heterogeneity obtained in the statistical analysis of BMI and waist circumference data, we 
will conduct sensitivity analysis on the 2 secondary outcome indicators of BMI and waist circumference.

In the sensitivity analysis of BMI, we excluded one RCT32, and found that the heterogeneity decreased ( from 
I2 = 78% to I2 = 30% ), and the results changed (from P = 0.56 to P = 0.0002 ), which represented that there were 
too many confounding factors in some RCTs when analyzing BMI data. Then we analyzed the funnel plot of 
BMI value analysis. The more uniform the distribution of the funnel plot, the lower the risk of potential bias and 
unreliable results. The two-sided distribution uniformity in the funnel plot is poor, which indicates that there is 
a certain risk of potential bias (Fig. 5).

In the sensitivity analysis of the waist circumference, we excluded one RCT28, it was found that the 
heterogeneity decreased (from I2 = 78% to I2 = 0%), which means that there were too many confounding 
factors in some RCTs when analyzing the outcome index of waist circumference, but the results did not change 
significantly after excluding the RCT (from P = 0.01 to P = 0.02). Therefore, we believe that the high heterogeneity 
in this outcome index does not need special treatment, nor does it need to use funnel plot for bias analysis.

Discussion
It is reported that more than 1.9 billion adults worldwide are estimated to be overweight, of which more than 
650 million adults are classified as obese. This data has risen by 2.5 times from 1975 to the present34. Obesity 
is usually an important risk factor for many chronic diseases, especially type 2 diabetes, cardiovascular disease, 
nonalcoholic fatty liver disease and a variety of malignant tumors35. As a new type of intestinal flora regulator 
in recent years, the effect of probiotics on weight loss is also often valued by researchers. At the same time, many 
nutritionists like to add probiotics to weight loss prescriptions6. This meta-analysis retrieved RCTs on the effect 
of oral supplementation of probiotics on weight loss and health improvement in overweight people in recent 

Fig. 2.  Comprehensive table of risk of bias assessment of included studies.
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years, and concluded that oral supplementation of probiotics can effectively reduce weight, which means that oral 
probiotics may become an important part of nutritional therapy for overweight people in the future. However, 
oral probiotics do not have complete advantages, it also has certain defects. In this study, it was concluded that 
oral probiotics may have no significant effect on reducing BMI in overweight people. Although this outcome 
indicator showed high heterogeneity in the analysis, we analyzed this result in sensitivity analysis and believed 
that the outcome indicator still had potential bias. At the same time, some previously published meta-analyses 
have positive results on the issue that probiotics can improve BMI values36,37. However, the subjects of these 

Fig. 3.  List of risk of bias assessment checklists included in the study.
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Fig. 5.  Funnel plot for assessing the potential bias of BMI values.

 

Fig. 4.  Forest map showing the effect of taking probiotics on weight loss.

 

References Randomization Concealment Blinding Follow-up Quality of evidence

Danielsson32 Yes Yes, allocations were masked Yes, single-blinded (investigators) 6 Months ⨁⨁⨁○/Moderate

Kim27 Yes Yes, allocations were masked Yes, single-blinded (investigators) 12 Weeks ⨁⨁⨁○/Moderate

Nasiri28 Yes Yes, allocations were masked Yes, single-blinded (investigators) 6 Months ⨁⨁⨁⨁/High

Razmpoos33 Yes Yes, allocations were masked Yes, single-blinded (investigators) 8 Weeks ⨁⨁⨁○/Moderate

Sanchez30 Yes Yes, allocations were masked Yes, single-blinded (investigators) 24 Weeks ⨁⨁⨁⨁/High

Sergeev31 Yes Yes, allocations were masked Yes, single-blinded (investigators) 3 Months ⨁⨁⨁⨁/High

Zarrati29 Yes Yes, allocations were masked Yes, single-blinded (investigators) 8 Weeks ⨁⨁○○/Moderate

Table 2.  Methodological evaluation of included RCTs. Methodological evaluation score/grade: ⨁○○○/Low, 
⨁⨁○○/Moderate, ⨁⨁⨁○/Moderate, ⨁⨁⨁⨁/High. The higher the score, the more credible the study 
is.
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meta-analyses usually include metabolic diseases other than obesity, such as type II diabetes. Therefore, their 
confounding factors need to be considered when referring to past reports.

In recent years, waist circumference has been shown to be used as an additional data of BMI to predict the 
incidence of cardiovascular risk events in obese people38. It is reported that the all-cause mortality of people 
with abdominal obesity is significantly higher than that of other types of obese people39,40, At the same time, 
people with abdominal obesity usually have some social and psychological problems due to changes in body 
appearance. This phenomenon is especially common in children41. The nutritional treatment that has been 
shown to be effective in reducing waist circumference is moderate-intensity exercise plus a low-salt, low-fat 
diet38. However, because obese people have low adherence to moderate-intensity exercise and low-salt, low-fat 
diets, it is necessary to develop a new therapeutic agent or method to reduce the waist circumference of this 
population. In this study, we found that oral probiotics have a significant statistical significance in reducing waist 
circumference, which brings an innovation in nutritional treatment for abdominal obese people. In the future, 
nutrition doctors can consider giving some probiotics to abdominal obese people on the basis of ensuring basic 
energy consumption, so as to help them improve treatment compliance and improve the success rate of reducing 
waist circumference.

Visceral fat is usually accompanied by metabolic abnormalities, including hypertriglyceridemia, elevated 
C-reactive protein, and hepatic insulin resistance42. Visceral fat and high LDL-C are inseparable, usually a 
positive correlation between the two15. Visceral fat and high LDL-C are usually controlled clinically mainly 
by means of drug therapy, supplemented by nutritional therapy. Intestinal flora has been shown to be closely 
related to biomarkers and inflammatory immune responses in vivo, and probiotics can regulate intestinal flora, 
thereby indirectly reducing visceral fat content and LDL-C43–45. This study also confirmed that oral probiotics 
can effectively reduce visceral fat content. However, the results of this study suggest that oral probiotics have 
no significant significance in reducing LDL-C. This outcome indicator is accompanied by high heterogeneity, 
but we did not perform sensitivity analysis on this outcome indicator, mainly because there are only 3 RCTs 
providing LDL-C data, and there is no indication of sensitivity analysis. Similarly, because the number of RCTs 
providing LDL-C data is small, the results are more likely to have potential bias.

Our study also found that probiotics had no significant effect on BMI, but there were significant differences in 
waist circumference and visceral fat compared with the control group, which is an interesting phenomenon. This 
may be due to the fact that probiotics preferentially regulate the optimization of visceral fat and subcutaneous 
fat through the gut-liver axis pathway, but for the general condition, the improvement of probiotics is not 
particularly advantageous. Shidfar and Shahraki’s studies have shown that waist circumference and visceral fat 
have an advantage in predicting the risk of cardiovascular disease in obese women compared with BMI46,47. At 
the same time, our study also found some interference of heterogeneity, which needs to be corrected by more 
high-quality RCTs in the future.

Similarly, there are some shortcomings in this study. For example, the analysis of inflammatory indicators of 
obesity was missing in this study, and there was no subgroup analysis of each probiotic, and the number of RCTs 
that met the inclusion and exclusion criteria was too small. In the process of weight loss, an important factor is 
dietary intake, but in our included 7 randomized controlled trials, are conducted under the conventional calorie 
diet test. At the same time, the heterogeneity of some secondary outcome indicators in this study was too high, 
and we explained this phenomenon in sensitivity analysis and discussion. The above problems need to be further 
improved by nutrition scholars in the future.

Conclusion
This study suggests that oral probiotics have certain statistical significance for weight loss, waist circumference 
and visceral fat content in obese patients, and can be used as a potential nutritional treatment for obese patients 
in the future. However, oral probiotics have no statistical significance in reducing BMI and LDL-C levels in obese 
patients, which may also be the outcome bias caused by high heterogeneity, and more RCTs need to be included 
in the future for further discussion.

Data availability
The datasets used and/or analyzed during the current study are available from the corresponding author on 
reasonable request.
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