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Introduction

This double-blind, placebo-controlled, randomized (1:1) clinical trial was conducted at the West China Hospital, Sichuan University, from March to September 2017.





Methods

Eligible participants included adults aged 18 years and older, living in the community, diagnosed with type 2 Diabetes Mellitus according to ADA guidelines, capable of self-managing their diabetes, and able to visit the study site for follow-up. The intervention group received 25 ml of a probiotic beverage containing with over 10^8 CFU/mL of Lactobacillus, administered four times daily. An equal volume of inactivated Lactobacillus was administered to the control group and the control group was administered the same volume of inactivated Lactobacillus. This study aimed to evaluate the effectiveness of probiotics on glycemic control and other diabetes-related outcomes in patients with type 2 diabetes patients. The primary outcomes were changes in HbA1c and FBG levels post-intervention. Investigators, participants, and study site personnel were blinded to the treatment allocation until the conclusion of the study. This double-blind, randomized, placebo-controlled clinical trial was registered in the Chinese Clinical Trial Registry (ChiCTR-POR-17010850).





Results

Of the 490 participants screened, 213 were randomized to either the probiotics group (n = 103) or the placebo group (n = 110). After 16 weeks of follow-up, the probiotic group showed reductions in HbA1c [-0.44 (-0.66 to -0.22)] and FBG [-0.97 (-1.49 to 0.46)] post-intervention, similar to the placebo group with reductions in HbA1c [-0.33 (-0.52 to -0.15)] and FBG [-0.90 (-1.32 to -0.47)], but these changes were not statistically significant in PP and ITT analyses (P>0.05). Adverse events were similarly distributed among groups, indicating comparable safety profiles.





Discussion

Overall, 16-week probiotic supplementation showed no beneficial effects on glycemic control, lipid profiles, or weight.





Clinical Trial Registration

https://www.chictr.org.cn/showproj.html?proj=18421, identifier ChiCTR-POR-17010850.
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Introduction

Type 2 diabetes mellitus (T2DM) is a chronic metabolic disorder characterized by elevated blood glucose levels owing to inadequate insulin production and insulin resistance. The International Diabetes Federation (IDF) has projected that the prevalence of T2DM will increase to 629 million by 2045 (1). This condition is associated with numerous complications, such as nephropathy, retinopathy, atherosclerosis, and coronary heart disease, significantly contributing to the global burden of mortality and morbidity (2).

The human gut microbiota, comprising trillions of microorganisms across at least thousand different species, including Bifidobacteria, Lactobacillus, and Saccharomyces (3), plays a pivotal role in food digestion and absorption, immune regulation, pathogen resistance, and synthesis of beneficial compounds (4, 5). Alterations in the composition and functionality of the gut microbiota can affect energy extraction, lipid synthesis, and energy metabolism shifts, potentially leading to metabolic syndromes (6). Moreover, accumulating evidence underscores the critical role of the gut microbiota in the pathogenesis of T2DM (7–10). Probiotics can be administered orally, transiently, or permanently to integrate and interact with intestinal microbiota, thereby influencing host health (11). Recent studies have highlighted the antidiabetic potential of probiotic supplementation, potentially enhancing glucose regulation, lipid metabolism, antioxidant capacity, and modulation of gut flora and SCFA profiles (12, 13). Several studies have demonstrated the potential of probiotics to improve glycemic control in animal models and human trials. In mice fed a high-fat diet, Lactobacillus plantarum DSM 15313 supplementation lowered fasting plasma glucose levels and reduced insulin release during the glucose tolerance tests (14). Similarly, a mixture of Lactobacillus rhamnosus and Lactobacillus helveticus decreased blood glucose levels and improved glucose tolerance in a mouse model of metabolic syndrome (15). Lactobacillus casei significantly reduced blood glucose levels in diabetic mice without affecting control mice (16). Probiotics have shown promising effects on the glycemic control and lipid profiles of patients with type 2 diabetes. Multiple studies have reported significant reductions in HbA1c and fasting insulin levels following probiotic supplementation (17, 18). Fasting plasma glucose levels were also found to decrease significantly in some trials (18, 19). Regarding lipid profiles, probiotics have demonstrated potential in lowering total cholesterol, triglycerides, and LDL-cholesterol, while increasing HDL-cholesterol (19). Additionally, probiotic supplementation has been associated with reductions in both systolic and diastolic blood pressure (19). Some studies also observed trends towards decreased inflammation markers and oxidative stress, although these findings were not always statistically significant (20). The existing research is primarily limited by small cohort sizes and brief intervention periods; however, these results are encouraging. Researchers have emphasized the need for larger, well-designed, randomized controlled trials to confirm the efficacy of probiotics in managing diabetes and its associated complications (17, 18). In addition, inactivated Bifidobacterium longum significantly decreased demonstrated significant effects in decreasing body weight gain, adipose tissue mass, and blood glucose levels in obese diabetic mice (21). Investigating the comparative effects of inactivated and active probiotics on metabolic functions in patients with diabetes may offer novel insights for medical interventions aimed at controlling blood glucose and lipid levels in this population.

Considering these factors, we designed a randomized controlled trial using inactivated probiotics as controls. This trial evaluated the efficacy of fermented drinks containing Lactobacillus in improving glycemic control and other diabetes-related outcomes in T2DM patients. This study aimed to investigate the potential therapeutic benefits of probiotics for managing type 2 Diabetes Mellitus (T2DM). We defined our primary outcome as changes in HbA1c and fasting blood glucose (FBG) levels. The secondary outcomes included changes in insulin resistance markers, lipid profiles, and body weight. Safety outcomes were also assessed.





Subjects and methods




Study design

We conducted a double-blind, randomized, placebo-controlled clinical trial at West China Hospital, Sichuan University, from March to September 2017 (Chinese Clinical Trial Registry identifier ChiCTR-POR-17010850). The study was approved by the Institutional Review Boards of West China Hospital, Sichuan University, and adhered to the Declaration of Helsinki, Council for International Organizations of Medical Sciences International Ethical Guidelines, and Good Clinical Practice Guidelines. Informed consent was obtained from all participants or their legal representatives before the trial commencement.





Participants

Eligible participants were community-dwelling adults aged 18 years or older, diagnosed with type 2 Diabetes Mellitus according to the ADA guidelines, capable of self-managing their diabetes care, and able to access the study site for necessary follow-up. The exclusion criteria were as follows: a) a terminal condition with a life expectancy of less than 6 months (e.g., metastatic cancer, pancreatic cancer, or receiving end-of-life care); b) severe renal dysfunction (glomerular filtration rate (GFR) of less than 30 milliliters per minute per 1.73 square meters) or liver dysfunction (significantly elevated serum bilirubin levels (more than twice the upper limit of normal) and markedly prolonged prothrombin time); c) a documented history of alcohol abuse or drug addiction; d) psychiatric disorders preventing completion of geriatric assessments, and pregnant or breastfeeding women;​​ and e) use of any other kind of probiotics or antibiotics in the previous 3-6 months. The use of antibiotics not only interferes with the action of probiotics but also makes blood glucose control more difficult in diabetic patients (22, 23).





Randomization and blinding

Participants were randomly assigned (1:1 ratio) to either the intervention or the control group using a computer-generated scheme. The intervention group was administered 25 ml of a probiotic beverage, containing over 10^8 CFU/mL of Lactobacillus, four times daily (probiotic group). The control group was administered an equal volume of inactivated Lactobacillus (placebo group). Both probiotic and placebo products were identical in appearance, taste, and smell to ensure blinding of participants and study staff, distinguished only by coded labels (“A” or “B”). All participants were requested to maintain their usual diet, physical activity, and glucose-lowering therapy throughout the study period. The investigators, participants, and study site personnel were blinded to treatment allocation until the end of the study.





Intervention

The study included a 2-week screening period and 16-week treatment period. During treatment, patients either received 25 ml of probiotic beverage containing more than 10^8 CFU/mL of Lactobacillus four times daily (probiotic group) or an equivalent volume of inactivated Lactobacillus (placebo group). Measurements were taken at baseline and at week 16, with an interim analysis at week 8​​.





Assessments

Following baseline inclusion, all patients underwent evaluations that included collection of sociodemographic data, diabetes history, and diabetes medication history, such as age, sex, and body weight. Binary variables were used to record whether participants were taking metformin, sulfonylureas, gliclazide, or other medications. Body weight was accurately measured to the nearest 0.1 kg using a calibrated digital scale. Blood pressure readings were obtained using an automated upper arm blood pressure monitor.

During the clinic visits (at baseline, week 8, and week 16), fasting blood samples were collected for comprehensive biochemical analyses. Baseline screening and evaluation processes are summarized in sTable1. These included measurements of glycosylated hemoglobin (HbA1c) by TOSOH HLC-723(use of a negatively charged column and positively charged buffers that compete with the different glycosylated hemoglobin to bind to the column), fasting blood glucose (FBG), serum insulin, serum C-peptide-peptide, and a full lipid profile encompassing low-density lipoprotein (LDL), high-density lipoprotein (HDL), very-low-density lipoprotein (VLDL), total cholesterol (TC), and triglycerides (TG), measured using an Olympus AU400 analyzer (Japan)(Spectrophotometry). Insulin resistance was quantitatively assessed using the Homeostasis Model Assessment of Insulin Resistance (HOMA-IR), calculated from fasting glucose and C-peptide-peptide levels using the HOMA calculator version 2.2.3 from the University of Oxford, UK (24). All blood tests were done at West China Hospital of Sichuan University

Intervention compliance was assessed primarily through two methods: (1) Weekly telephone follow-ups: During these calls, we directly asked participants about their adherence to the intervention protocol. (2) Self-reported adherence: Participants were asked to keep a diary of their medication intake, which was reviewed during follow-ups. These methods allowed us to regularly monitor and assess participant compliance throughout the study.

Adverse events were systematically recorded at each follow-up visit. Commonly anticipated adverse events include gastrointestinal disturbances such as diarrhea, dyspepsia, nausea, vomiting, abdominal cramping, and distension. Participants were instructed to discontinue the supplement intake if they encountered any serious adverse events attributable to the intervention.





Outcomes

The primary outcome of the study was the change in HbA1c and FBG levels from baseline to week 16. Secondary outcomes included changes in HOMA-IR, serum insulin, C-peptide-peptide levels, lipid profiles (LDL, HDL, VLDL, TC, and TG), and body weight from baseline to week 16. Safety outcomes included adverse events, alterations in laboratory parameters, and changes in vital signs and signs.





Sample size

The required sample size was deduced from prior meta-analyses examining the impact of probiotics on glycemic control in T2DM, which reported a mean HbA1c change of 0.366 (25). Assuming a standard deviation of 0.7, a Type I error rate of 5% (α=0.05), and a Type II error rate of 20% (β=0.2, power=80%), the estimated sample size was 140 participants (70 per group). The final sample size was adjusted to 168 participants (84 per group), to accommodate a projected dropout rate of 20%.





Statistical analysis

Data were analyzed using SPSS Statistics version 26 (IBM, NY, USA). The Kolmogorov-Smirnov test confirmed the normal distribution of the dataset. Continuous variables are presented as means (standard deviations) for normally distributed data or medians (interquartile ranges) for skewed data. Categorical variables are described as frequencies (percentages). For variables that met the normality assumption, we used parametric tests such as t-tests or ANOVA for comparisons. For variables that did not meet the normality assumption, we employed non-parametric alternatives such as Mann-Whitney U test or Kruskal-Wallis test, and the Pearson Chi-square test for categorical variables. Statistical significance was set at a p-value less than 0.05, which was considered statistically significant.

Differences in outcomes from baseline to week 16 were analyzed using Intention-to-treat (ITT) approaches. ITT analysis included all participants who received at least one dose of the study medication, with missing values imputed via multiple imputations using predictive mean matching. To account for missing values and correlations among repeated measurements, we used weighted generalized estimating equations (WGEE) (Stata 17.0) to compare metabolic parameters (HbA1c, FBG, fasting C-peptide-peptide, HOMA-IR, TG, TC, LDL, HDL, VLDL, and weight) among the groups. Assessments conducted at baseline and weeks 8 and 16 were included as outcomes in the WGEE analysis. The covariates were age, sex, use of specific medications (insulin, metformin, sulfonylurea/glinide, α-glycosidase preparations), smoking, and drinking. The group-by-time interaction, which indicates the difference in a given outcome between interventions over time, was considered the primary measure of the intervention effect. This measure allowed us to assess how the effectiveness of the interventions varied across different time points, providing a comprehensive understanding of the changes induced by each intervention over the study period.






Results

Out of 490 participants screened for eligibility after providing informed consent, 213
individuals were randomized to either the probiotics group (n = 103) or the placebo group (n = 110). The exclusion of 256 participants was due to not meeting the eligibility criteria: 40 suffered from renal dysfunction, 18 suffered from severe liver dysfunction, 52 had a history of alcohol abuse, 146 had used antibiotics in the previous 6 months, and 20 older declined. Among the 213 participants, 206(100 in the probiotic group and 106 in the placebo group) completed the assessment at week 8, and 172(87 in the probiotic group and 85 in the placebo group) completed the assessment at week 16. Measured as class attendance, were similar (84.5% and 77.3%, respectively) detail in Figure 1.




Figure 1 | CONSORT flow study diagram.






Baseline characteristics of participants

At baseline, the average age of the participants was 62.08 (SD 10.08) years, with a predominance of male participants (121; 59.6%). The mean weight was 66.4 (SD 11.6) kg. Regarding diabetes management, 65 (31%) participants used insulin, 122 (57%) used metformin, and 68 (32%) used sulfonylurea/glinides. Median baseline HbA1c was 7.20% (IQR 6.54-8.41), and FBG was 8.46 mmol/L (IQR 7.11-10.26). Statistical analysis confirmed that the baseline characteristics were balanced across both groups, with the exception of a higher proportion of metformin users in the placebo group (Table 1).


Table 1 | Baseline characteristics of randomized participants in each group.







Primary outcome

The probiotic, probiotic, and placebo groups exhibited a reduction in HbA1c and FBG levels after 16 weeks of intervention. However, in the ITT analysis, there were no statistically significant differences between the two groups in the changes in these glycemic-related parameters, indicating that the probiotics had no beneficial effect on glycemic control (Table 2, Figures 2, 3).


Table 2 | Changes of variable throughout study in probiotics and placebo group.






Figure 2 | Changes in glucose parameters, lipid profiles and weight.






Figure 3 | Primary and secondary study outcomes at baseline and while taking probiotic supplementation.







Secondary outcomes

The study also observed reductions in the weight and serum levels of fasting insulin, HOMA-IR, fasting C-peptide, HOMA-IR, fasting C-peptide, and TC from baseline to the end of the 16-week intervention period in both groups. Other lipid parameters, including triglycerides (TG), high-density lipoprotein (HDL), low-density lipoprotein (LDL), and very-low-density lipoprotein (VLDL) showed no statistically significant changes within the group following the intervention. Nonetheless, the differences in these reductions between the probiotic and placebo groups were not significant in either analysis type, indicating that probiotics did not have a beneficial impact on lipid profiles and weight (Table 2, Figures 2, 3).





Adherence and adverse events

The adherence rates to the probiotic regimen were comparable to the placebo. Adverse events reported during the study were similarly distributed between the groups, indicating a comparable safety profile. No significant differences in the incidence of adverse events were noted, underscoring the similar tolerability of probiotic and placebo treatments.






Discussion

Our study demonstrated that, following a 16-week intervention, probiotics elicited significant effects on fasting blood glucose, glycated hemoglobin, triglycerides (TC), and weight in patients with diabetes. However, these effects were not statistically significant when compared to the control group. Additionally, no discernible decrease was observed in other lipid parameters, including TG, high-density lipoprotein (HDL), and very-low-density lipoprotein (VLDL).




Comparison with other studies

Our findings align with those of Barengolts et al. (25), who conducted a systematic review and meta-analysis of nine randomized controlled trials and found no significant effect of a 12-week probiotic intervention on fasting blood glucose or other diabetes-related factors. In contrast, a myriad of studies have presented divergent results, with several reporting significant reductions in serum HbA1c, FBG, and fasting insulin levels in T2DM patients following probiotic supplementation (25–28). Specifically, Raygan et al. (26) observed beneficial effects on glycemic control and HDL cholesterol levels after a 12-week regimen of diverse probiotics in patients with diabetes with concurrent coronary heart disease. Nonetheless, the Raygan (26) study had a small sample size of 60 patients, which may limit the generalizability of their findings. Some studies found no significant effect on HDL cholesterol or triglycerides (29), whereas others reported reductions in triglyceride levels (30, 31). The effect of probiotics on lipid profiles may depend on factors such as baseline cholesterol levels, treatment duration, and specific probiotic strains (29). These findings suggest that probiotics could be a potential adjunctive treatment for dyslipidemia; however, further research is needed to clarify their long-term effects and interactions with drug therapies (31). Furthermore, post-placebo intervention results in other studies indicated significant increases in fasting blood glucose and lipid levels, exacerbating the perceived effects of probiotics (26). The current study noted no significant improvement in body weight, consistent with prior findings that probiotic supplementation does not lead to notable weight loss. Typically, weight loss is more difficult in individuals with diabetes, especially when it coincides with enhanced glycemic control (32). In cases of poorly controlled diabetes, any improvement in glycemic regulation may decrease overall energy expenditure, thereby exacerbating the challenges associated with weight loss.





Analysis of ineffectiveness

The lack of significant improvements in glycemic control and lipid profiles in our study may be attributed to several factors. First, the physical form of probiotics: liquid probiotics are more susceptible to external influences such as temperature and light exposure during storage, which could lead to their inactivation (33). Compared to solid storage, the internal environment of colonies in liquid storage is more vulnerable to external conditions, potentially affecting the growth and survival of probiotics (34). Additionally, nutrients may more easily diffuse out of the cells in liquid culture media, leading to nutrient deficiencies within the cells, and consequently, probiotic death (34). Furthermore, the stability of cell membranes may be compromised during liquid storage, resulting in probiotic inactivation (35). Studies have also indicated that the beneficial effects of probiotics on cholesterol levels are predominantly observed when probiotics are consumed in conjunction with dairy products. Consequently, liquid probiotics without any substrate may demonstrate reduced cell viability after oral administration, leading to suboptimal glucose and lipid control in T2DM patients.

Second, utilization of a single probiotic strain: Previous clinical trials employing two or more strains of probiotics reported significant reductions in glucose and lipid profiles (36–38). For example, Raygan et al. (26) found that a 12-week intake of probiotics containing Bifidobacterium, Lactobacillus casei, and Lactobacillus acidophilus significantly reduced the glycemic parameters in the intervention group. Similarly, Mohamadshahi et al. (28) reported that probiotic yogurt containing Lactobacillus acidophilus La-5 and Bifidobacterium lactis Bb-12 affects blood lipids. Various studies have demonstrated that probiotic supplements with diverse compositions have beneficial effects on glycemic control in patients with diabetes. Therefore, exploring the most effective probiotic compositions for T2DM patients in the future is imperative.

Third, dietary interference: The composition of the gut microbiota in different ethnic groups can be influenced by factors such as dietary habits, geographic locations, and genetics. Thus, the efficacy of probiotic supplements may vary, depending on the background microbiota composition of the population (39, 40). A diverse diet can provide essential nutrients for the intestine and promote the growth of probiotics. However, the relatively simplistic dietary structure of the Chinese people, characterized by high consumption of sugar, fat, and protein, might affect the types and quantities of probiotics, leading to their ineffectiveness and poor control of glucose and lipids. Recent evidence indicates that T2DM patients exhibit varying degrees of gut microbiota dysbiosis (41). Therefore, enhancing the gut microbiota through various methods, including diet control, regular exercise, healthy lifestyle, and taking probiotic supplements with suitable strains and doses, is crucial. Reducing the intake of high-sugar, high-salt, and high-fat foods, along with consuming foods rich in dietary fiber such as vegetables, fruits, and whole grains, can promote the growth and reproduction of intestinal probiotics. Additionally, improving sleep, regular meals, reasonable exercise, and stress reduction can improve the intestinal environment and promote the gut microbiota balance.

Fourth, we found a difference in the initial use of metformin between the two groups. Previous systematic reviews and retrospective studies have shown that the combination of metformin and probiotics can lower fasting blood glucose and glycated hemoglobin levels in patients to a greater extent than metformin alone. However, the meta-analysis did not incorporate the probiotic Lactobacillus (42). Therefore, the potential combined effect of Lactobacillus and metformin in the treatment of patients with diabetes mellitus remains uncertain.





Why placebo was effective

Our study observed partial improvements in blood glucose and lipid levels in the placebo group, comparable to the effects seen with probiotics, leading to no statistically significant difference between the two groups. This phenomenon might be attributed to the placebo effect (43), as the placebo shared a similar taste and odor with the probiotic treatment, potentially leading patients to subconsciously believe in their condition’s improvement due to the attention and care they received. Another contributing factor could be the use of low-concentration inactivated bacteria in the placebo. Research indicates that the metabolites or structural components of probiotics can be beneficial to the human body (44), and previous studies have shown that inactivated probiotics may play a role in weight reduction and cholesterol lowering, potentially through modulation of gut microbiota (45). Furthermore, peptidoglycan, a component of bacterial cell walls, may be instrumental in the regulation of GLP-1 secretion, enhancement of insulin sensitivity, and improvement of glucose tolerance (46). Thus, the therapeutic potential of dead bacteria in the treatment of diabetes should not be dismissed, and future studies should consider including groups that receive dead bacteria along with blank control groups to further explore this possibility.





Clinical and research implications

The high costs of transporting and storing probiotics, coupled with their relatively insignificant therapeutic effects, have reduced the viability of using probiotics for diabetes treatment (47). This study provides a new perspective for clinical therapy, suggesting that inactivated bacteria might offer therapeutic outcomes comparable to those of live probiotics in the treatment of diabetes. Historically, the substantial costs associated with the transportation and storage of probiotics have been disproportionate to their therapeutic benefits, thereby limiting the practicality of their clinical use. However, employing inactivated bacteria could significantly mitigate this issue, making probiotic therapy for diabetes a more feasible option. Thus, this study offers important insights for future research offers important insights for future studies. Additionally, the potential effectiveness of dead bacteria in treating diabetes should not be overlooked. Future research should consider including groups treated with dead bacteria and blank control groups to further investigate the therapeutic effects of both probiotics and inactivated bacteria. Moreover, given the complexity of the gut microbiota, a 12-week intervention with probiotics may not effectively alter the gut microenvironment. Although previous foundational research (48) has shown the potential of probiotics to modify the microbiome, the required dosages often exceed practical limits for human use, and their long-term safety remains uncertain (49). Further research is required to determine whether low-dose inactivated bacteria produce similar therapeutic effects.





Strengths and limitations

This study had several notable strengths. First, it was designed as a double-blind, randomized controlled trial to ensure a high level of scientific rigor. Additionally, the intervention period was relatively extended, spanning 16 weeks, which provided ample time to observe potential effects. This is the first study to use inactivated Lactobacillus as a placebo. However, our study has certain limitations. First, the short follow-up period was a limitation of this study, which was constrained by funding and patient acceptance. Another limitation of this study was the statistical difference in the use of diabetic medications between the two groups at baseline, which may be due to the small sample size. Third, as this was a single-center study, the results may not be broadly applicable to other T2DM patient populations, necessitating further research across multiple centers for a more comprehensive understanding of the impact of probiotic probiotics on diabetes. Another significant limitation was the lack of measurement of fecal bacterial loads and changes in short-chain fatty acid levels, which restricted our ability to thoroughly understand the mechanisms by which probiotics might influence glycemic control and insulin resistance. Moreover, although we adjusted for factors such as sex, age, smoking, and alcohol consumption, the presence of multiple comorbidities and the concomitant use of various medications among the elderly, which may interact with probiotics, limits the generalizability of our findings. In comparison, our study used only a single probiotic strain, which may have been inadequate owing to the complexity of the gut microbiota. In addition, the absence of a blank control group, which was initially omitted due to ethical considerations, is a notable design limitation.






Conclusion

In conclusion, our 16-week intervention study demonstrated that probiotic supplementation had some effects on fasting blood glucose, glycated hemoglobin, triglycerides, and weight in patients with type 2 diabetes. However, these effects did not reach statistical significance when compared to the control group, and no clear improvements were observed in other lipid parameters. While we adjusted for several confounding factors, the study had limitations including its short duration, single-center design, and use of a single probiotic strain. The utility of probiotics as an alternative approach for diabetes management remains uncertain. Further research involving longer follow-up periods, multiple centers, diverse subject groups, and a variety of probiotic strains is needed to comprehensively assess the efficacy of probiotic supplementation in type 2 diabetes management.
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Differences of the mean
Mean Change (95%Cl) changes (probiotics vs placebo) Mean Change (95%Cl)
(95% CI)

Primary Outcomes

HbA, %

Change at 16 weeks (95%CI) -0.44 (-0.66 to -0.22) -0.12 (-0.42 t0 0.18) ‘ -0.33 (-0.52 to -0.15) & 0.941
FBG (mmol/L)

Change at 8 weeks (95%CI) -0.54 (-1.07 to 0.00) 0.25 (-0.55 to 1.06) -0.62 (-1.10 to -0.14) & 053
Change at 16 weeks (95%CI) -0.97 (-1.49 to -0.46) 0.29 (-0.40 to 0.98) -0.90 (-1.32 to -0.47) & 041
Secondary Outcomes

Fasting c-peptide (nmol/L)

Change at 8 weeks (95%CI) 0.06 (-0.26 to 0.39) -0.14 (-0.45 t0 0.18) -0.11 (-0.16 to -0.55) & 040
Change at 16 weeks (95%CI) 0.22 (-0.28 to -0.17) ¢ -0.02 (-0.083 to 0.42) -0.24 (-0.29 to -0.18) & 053
HOMA-IR

Change at 8 weeks (95%CI) 032 (-1.08 to 1.73) 035 (-1.03 to 1.73) -0.13 (-0.59 to 0.32) 0.62
Change at 16 weeks (95%CI) 0.77 (-1.02 to -0.52) & -0.03 (-0.19 t0 0.13) -0.71 (-0.87 to -0.54) & 072

Fasting insulin (uU/ml)
Change at 8 weeks (95%CI) -0.39 (-1.84 to 1.07) -2.60 (-8.22 to 3.02) -1.71 (-3.96 to 0.53) 0.37
Change at 16 weeks (95%CI) -3.35 (-5.62 to -1.08) ¢ -1.27 (-4.89 to 2.35) 6.00 (-10.99to -1.02) & 0.49

TG (mmol/L)

Change at 8 weeks (95%CI) -0.22 (047 to 0.03) -0.08 (-0.47 to 0.31) -0.03 (-0.32 to 0.26) 0.68
Change at 16 weeks (95%CI) -0.12 (-0.44 to 0.19) 0.16 (-0.28 to 0.60) -0.17 (-0.48 to 0.14) 0.48
TC (mmol/L)

Change at 8 weeks (95%CI) -0.15 (-0.30 to -0.01) & 0.04 (-0.26 to 0.34) -0.22 (-0.37 to -0.06) & 0.80
Change at 16 weeks (95%CI) -0.28 (-0.46 to -0.09) & -0.10 (-0.39 to 0.19) -0.19 (-0.38 to -0.015) & 048
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Change at 8 weeks (95%CI) -0.11 (-0.28 to 0.05) -0.15 (-0.31 to 0.01) -0.05 (-0.19 to 0.09) 0.07
Change at 16 weeks (95%CI) -0.07 (-0.21 to 0.07) 0.01 (-0.13 to 0.15) -0.17 (-0.33 to 0.00) 0.89
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Change at 8 weeks (95%CI) 0.04 (-0.15 to 0.23) 0.12 (-0.17 to 0.41) -0.07 (-0.24 to 0.11) 0.42
Change at 16 weeks (95%CI) -0.16 (-0.36 to 0.05) -0.19 (-047 to 0.09) 0.04 (-0.16 to 0.25) 0.20
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Change at 8 weeks (95%CI) -0.11 (-0.22 to 0.00) -0.05 (-0.22 to 0.13) | -0.01 (-0.14 to 0.19) 0.59
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Weight (kg)

Change at 8 weeks (95%CI) -1.44 (-2.41 to -0.48) & 0.24 (-2.78 to 3.26) -1.08 (-1.98 to -0.19) 0.88
Change at 16 weeks (95%CI) -3.43 (-5.10 to -1.77) & -1.97 (-4.91 to 0.97) -0.87 (-2.47 to 0.74) 0.19

FBG, fasting blood glucose; HbAlc, glycated hemoglobin; HDL, high-density lipoprotein; LDL, low-density lipoprotein; VLDL, very low-density lipoprotein; HOMA-IR, homeostasis model
assessment-estimated insulin resistance; TC, total cholesterol; TG, triglycerides; ITT, intention-to-treat; SD, standard deviation; IQR, interquartile ranges. “adjusting for age, sex, and the use of
specific medications (Insulin, Metformin, sulphonylurea/glinide, ot-glycosidase preparations); blod values®: P<0.05.
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Baseline parameter Probiotics Placebo group = P

group (n=110)

(n=103)
Age, mean (SD), y 62.14 (10.25) 61.98 (10.06) 0.91*
Male gender, No. (%) 62 (60.2) 65 (59.1) 0.87¢
Weight, mean (IQR), kg 650 (59.0-75.0) | 65.0 (59.0-73.0) | 0.93"
Smoking, No (%) 37 (36.0) 42 (38.2) 0.73
Drinking, No (%) 32 (3L.1) 36 (32.7) 0.80

Background diabetes therapy, No. (%)

Insulin 31 (30.1) 34 (30.9) 0.90°
Metformin 50 (48.5) 72 (65.5) 0.01¢
Sulphonylurea/glinides 34 (31.1) 34 (32.7) 0.80¢
o-glycosidase preparations 35 (34.0) 28 (25.5) 0.17 ¢

FBG, median (IQR), mmol/L | 8.46 (7.11-10.51) | 8.46 (7.06-1021) = 0.85°

HbA,c, median (IQR), % 7.10 (6.50-8.50) | 7.20 (6.60-831) | 0.69"

Fasting insulin, median (IQR), = 8.46 (5.06-12.7) 8.8 (5.78-13.35) 0.46°
uU/ml

Fasting c-peptide, median 0.64 (0.51-0.95) 0.75 (0.55-0.92) 0.24°
(IQR), nmol/L

HOMA-IR, median 1.80 (1.30-2.60) | 2.00 (1.40-250) | 0.38"
(IQR), units

TG, median (IQR), mmol/L 1.56 (1.13-2.27) 1.65 (1.15-2.17) 0.82°
TC, mean (SD), mmol/L 4.93 (1.12) 4.96 (1.06) 0.88%
HDL, mean (IQR), mmol/L 157 (099-2.02) | 161 (1.19-212) | 033"
LDL, mean (SD), mmol/L 2.39 (1.10) 2.37 (0.96) 0.93%

VLDL, median (IQR), mmol/L | 0.71 (0.51-1.03) | 0.75 (0.52-0.99) | 0.82°

Blood pressure, mean (SD), mmHg

Systolic 135.37 (21.05) 135.72 (19.37) 0.90°

Diastolic 76.98 (11.02) 76.55 (10.74) 0.77°

FBG, Fasting Blood Glucose; HbA,., Glycated Hemoglobin A;c; HDL, High-Density
Lipoprotein; LDL, Low-Density Lipoprotein; VLDL, Very Low-Density Lipoprotein;
HOMA-IR, Homeostasis Model Assessment-estimated Insulin Resistance; TC, Total
Cholesterol; TG, Triglycerides; SD, standard deviation; IQR, Interquartile ranges,
Kolmogorov-Smirnov test confirmed the normal distribution of the dataset. Normally
distributed continuous variables are presented as mean + standard deviation; Non-
normally distributed continuous variables are presented as median and interquartile range
(IQR). *P values according to Student’s t test, °P values according to Mann-Whitney test;
“P values according to Pearson Chi-square test; significance: P<0.05.





