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Abstract 

Background  Type 2 diabetes mellitus (T2DM) is a global health concern with a rising prevalence. Recent studies 
indicate that the gut microbiota plays a role in the development of T2DM, making probiotics a promising avenue 
for proper glycemic control. This network meta-analysis aims to comprehensively assess various probiotic therapies 
in the management of T2DM. 

Methods  All published randomized controlled trials (RCTs) were identified through searches in PubMed, Cochrane, 
and Web of Science. Included RCTs were evaluated using the Cochrane risk of bias tool 2. The retrieved data were 
pooled, where the mean difference (MD) and a 95% confidence interval (CI) were calculated using the R program ver-
sion 4.2.1.

Results  A total of 62 RCTs were included, with baseline hemoglobin A1c (HbA1c) ranging from 5.71% to 9.5%. 
Among all interventions, the combination of Bifidobacterium bifidum W23, Bifidobacterium lactis W52, Lactobacillus 
acidophilus W37, Lactobacillus brevis W63, Lactobacillus casei W56, Lactobacillus salivarius W24, Lactococcus lactis 
W19, and Lactococcus lactis W58 achieved the greatest reduction in fasting plasma glucose (FPG) [MD = − 73.50; 
95% CI: − 113.13 to − 33.86]. The greatest reduction in HbA1c was observed with yogurt containing Lactobacillus 
acidophilus La5, Bifidobacterium Bb12, and Cucurbita ficifolia [MD = − 1.59; 95% CI: − 3.07 to − 0.12]. For total choles-
terol, the top-performing intervention was yeast containing Saccharomyces cerevisiae [MD = − 43.67; 95% CI: − 57.07 
to − 30.27].

Conclusion  Our network meta-analysis suggests that specific probiotic formulations, including combinations of vari-
ous strains of Lactobacillus, Bifidobacterium, yogurt-based formulations containing Lactobacillus acidophilus La5, 
Bifidobacterium Bb12 with Cucurbita ficifolia, and Saccharomyces cerevisiae yeast, may be beneficial as adjunctive 
therapies for improving glycemic control and lipid profiles in patients with T2DM. However, these findings should be 
interpreted with caution due to variability in study designs, probiotic regimens, and potential risk of bias.
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Introduction
Type 2 diabetes mellitus (T2DM) is a common metabolic 
disorder characterized by elevated blood glucose due to 
either insulin deficiency, insulin resistance, or both (1). 
About 463 million (9.3%) of adults worldwide (aged 20 to 
79) had diabetes in 2019 according to a recent report by 
the International Diabetes Federation (IDF). This num-
ber is expected to go up to 578 million (10.2%) in 2030 
and 700 million (10.9%) in 2045 (2). Approximately 90% 
to 95% of cases are T2DM (3). Genetic predisposition, 
obesity, physical inactivity, dyslipidemia, and hyperten-
sion are reported to be involved in the etiology of T2DM 
(1, 4). Uncontrolled T2DM can lead to several health 
threats such as ischemic heart disease, stroke, nephropa-
thy, retinopathy, and lower-limb amputation (5). Proper 
glycemic control can help to prevent or reduce these dia-
betic complications (6).

Drugs used to treat T2DM nowadays have many seri-
ous adverse effects (7). Therefore, there is still a need for 
safer and more efficient hypoglycemic medications (8). 
Recently, there has been experimental and clinical evi-
dence supporting that blood glucose imbalance is asso-
ciated with the alteration of gut microbiota (also known 
as dysbiosis). Dysbiosis is considered a key environmen-
tal factor in the pathogenesis of T2DM (9–11). It can 
disturb the glucose homeostasis of the host by several 
mechanisms; especially increased gut permeability and 
translocation of lipopolysaccharide (LPS) to the circula-
tion inducing “metabolic endotoxemia” which leads to 
inflammatory responses, cytokines release, and insulin 
resistance (12). Other suggested reasons are gastrointes-
tinal peptide hormone secretion and the production of 
metabolites by bacteria during fermentation (13).

One of the most effective ways to modulate the gut 
microbiota and maintain its balance is the use of probi-
otics (14). According to the World Health Organization 
(WHO), probiotics are defined as “live microorganisms 
which when administered in adequate amounts con-
fer a health benefit on the host” (15). Several animal 
and human studies have revealed that probiotics have a 
positive impact on glycemic control; improving insulin 
sensitivity, reducing insulin resistance, regulating blood 
glucose levels, lowering blood lipids, and delaying or pre-
venting the development of T2DM and its complications 
(10, 16–21).

Previous systematic reviews and traditional meta-anal-
yses have investigated the impact of various probiotic 
strains on glycemic control and related parameters of 
T2DM and related parameters, including glycated hemo-
globin, fasting blood glucose, insulin resistance, and 
body weight (13, 22–33). Network meta-analysis (NMA) 
extends traditional meta-analytic techniques by combin-
ing both direct and indirect evidence across a network of 

studies, enabling a comprehensive comparison of multi-
ple interventions even when head-to-head trials are lack-
ing. Therefore, this NMA aims to fill this critical gap by 
synthesizing existing evidence to rank the comparative 
effectiveness of different probiotic therapies in patients 
with T2DM, thereby informing future clinical practice 
and research.

Materials and methods
We followed the "Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses (PRISMA)" guide-
lines while conducting this study (34). Additionally, we 
adhered to the guidelines in the “Cochrane Handbook for 
Systematic Reviews of Interventions” (35).

Literature search and screening
We performed a systematic search of PubMed, Web of 
Science, and Cochrane from database inception. The 
search strategy included keywords and MeSH terms 
related to “probiotics,” “type 2 diabetes mellitus,”. The 
detailed search strategy is described in supplementary file 
4. In order to find pertinent RCTS for NMA, we carried 
out a four-step screening procedure. In the initial phase, 
we collected all retrieved articles and eliminated dupli-
cates using Endnote 20 software. Next, the articles’ titles 
and abstracts were screened to rule out irrelevant studies. 
In the third step, we examined the complete texts of the 
remaining articles to determine whether they qualified 
for the review. Finally, we looked over the reference lists 
of the articles that were included to identify any poten-
tially relevant publications that were missed in the initial 
search. The screening process was conducted indepen-
dently by two researchers, and any disagreements were 
resolved by a third researcher.

Eligibility criteria
We include RCTs evaluating the effectiveness of pro-
biotics in T2DM. Observational studies, case reports, 
case series, conference abstracts, animal, in-vitro experi-
ments, and non-English articles were excluded.

Data extraction
The extracted data included an overview of the studies 
that were included as well as baseline characteristics such 
as age, sex, weight, disease duration, FPG, HbA1c, total 
cholesterol, low- and high-density lipoprotein (LDL and 
HDL, respectively), and triacylglycerol (TAG).

FPG, HbA1c, insulin resistance, total cholesterol, LDL, 
HDL, TAG, and weight gain were the main outcomes. 
The secondary outcomes included adipocytokines [lep-
tin, adiponectin, and resistin], insulin concentration, fast-
ing insulin, postprandial glucose (PPG), cholesterol/HDL 
ratio, inflammatory markers [tumor necrosis factor-alpha 
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(TNF-α), interleukin-6 (IL-6), and C-reactive protein 
(CRP], and fat mass.

Risk of bias assessment
We used the Cochrane risk of bias tool (ROB2), (36) 
for RCTs which has six bias domains [randomization 
process, deviations from intended treatments, missing 
outcome data, measurement of outcomes, selection of 
reported outcomes, and overall risk of bias]. The bias of 
the included studies was evaluated by two authors, and 
any disagreements were settled by a third author.

Statistical analysis
The R program version 4.2.1 was used to carry out net-
work meta-analysis through meta and netmeta packages. 
Treatment groups were classified according to the spe-
cific probiotic formulations administered in each study. 
Each formulation, whether a single strain or a defined 
combination of strains, was treated as a distinct interven-
tion. The placebo, regular yogurt, control diet, and other 
passive comparators (such as no treatment or standard 
care without active supplementation) were all combined 
into one control group. Using the mean difference (MD) 
and a 95% confidence interval (CI), we combined con-
tinuous results. The pooled studies’ heterogeneity was 
assessed using the Chi-square and I2 tests, and relation-
ships between the studies were considered heterogeneous 
when the Chi-square p < 0.1 and the I2 > 50%. For pooling 
homogeneous data, a fixed-effect model was utilized, 
while for pooling heterogeneous data, we used random-
effect models. Meta-regression analysis was conducted to 
determine if the age and baseline HbA1c have influenced 
the study outcomes.

Results
Data collection and characteristics of included studies
Database searches turned up 2389 publications, includ-
ing 302 from Cochrane, 1092 from WOS, and 995 from 
PubMed. We reviewed 1475 items and deleted 914 dupli-
cates. 1253 articles were excluded after the title and 
abstract screening. Out of the remaining 222 articles, 162 
were excluded for reasons such as inadequate outcome 
reporting, insufficient data for analysis, inappropriate 
control groups, or non-eligible probiotic formulations. 
only 60 relevant studies (10, 11, 19, 20, 37–51, 53–93) 
who met all inclusion criteria were included after the 
full-text screening. A flowchart of the database search 
and study selection procedure is shown in Fig. 1.

The sample sizes of the included RCTs ranged from 20 
to 409 patients. The age of the included patients ranged 
from 43.77 to 53.6 years, and the diabetes duration at 
inclusion ranged between 0.32 and 18.1 years. At base-
line, the HbA1c ranged from 5.71% to 9.5%. The dosages 

varied considerably across studies, ranging from 100 
mg/day up to 300 g/day for yogurt-based preparation, 
or 100 to 600 ml/day for milk based preparations. Sev-
eral studies used capsule-based probiotics containing 
multiple strains, while others incorporated probiotics 
into bread, honey, or skim milk powder. The most com-
monly used probiotic genera included Lactobacillus (e.g., 
L. acidophilus, L. casei, L. rhamnosus, L. plantarum), 
Bifidobacterium (e.g., B. breve, B. bifidum, B. lactis), and 
Streptococcus thermophilus. Some formulations also 
included yeast species such as Saccharomyces cerevisiae 
or S. boulardii, or were combined with other agents like 
metformin, selenium, vitamin D3, berberine, or smectite 
gel. Multi-strain preparations were frequently used, with 
some products containing up to eight distinct probiotic 
strains. The duration of probiotic administration ranged 
from 4 to 24 weeks, with follow-up durations often 
matching the intervention period but extending up to 
36 weeks in some studies. The summary of the included 
studies and participants’ baseline characteristics are sum-
marized in Tables 1 and 2; respectively.

Risk of bias assessment
The included studies’ risk of bias revealed 14 studies (39, 
41, 44, 56, 57, 62–64, 67, 85–87, 89, 92) with a high risk of 
bias, 7 studies (40, 43, 47, 48, 76, 83, 84) with a low risk of 
bias, and the rest studies with some concerns (Fig. 2)

Primary outcomes
Change in FPG (mg\dl) (See supplementary file 2)
Pooled data showed that the combination of Bifidobac-
terium bifidum W23, Bifidobacterium lactis W52, Lac-
tobacillus acidophilus W37, Lactobacillus brevis W63, 
Lactobacillus casei W56, Lactobacillus salivarius W24, 
Lactococcus lactis W19, and Lactococcus lactis W58 had 
the highest reduction in FPG [MD = − 73.50, 95% CI (− 
113.13, − 33.86)]. This was followed by yogurt containing 
Lactobacillus acidophilus La5, and Bifidobacterium Bb12 
plus Cucurbita ficifolia [MD = − 73.32, 95% CI (− 110.14, 
− 36.5)]. Additionally, job’s tears plus yogurt containing 
Lactobacillus acidophilus La5, and Bifidobacterium Bb12 
significantly reduced FPG [MD = − 34.52, 95% CI (− 
47.78, − 21.26)] (Fig. 3)

Change in HbA1c (%) (See supplementary file 2)
Pooled data showed that yogurt containing Lactobacillus 
acidophilus La5, and Bifidobacterium Bb12 plus Cucur-
bita ficifolia had the highest reduction in HbA1c among 
other probiotics [MD = − 1.59, 95% CI (− 3.07, − 0.12)]. 
This was followed by yogurt containing Bifidobacterium 
animalis [MD = − 1.44, 95% CI (− 2.67, − 0.21)] (Fig. 4)
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Change in insulin resistance (HOMA‑IR) (See supplementary 
file 2)
Pooled results showed that yogurt containing Lactobacil-
lus casei had the highest reduction in insulin resistance 
among other probiotics [MD = − 7.56, 95% CI (− 11.78, 
− 3.34)]. This was followed by combination of Lactoba-
cillus acidophilus, Lactobacillus casei, Lactobacillus lac-
tis, Bifidobacterium bifidum, Bifidobacterium longum, 
and Bifidobacterium infantis [MD = − 4.70, 95% CI (− 
8.11, − 1.29)], and combination of Bifidobacterium bifi-
dum W23, Bifidobacterium lactis W52, Lactobacillus 

acidophilus W37, Lactobacillus brevis W63, Lactobacil-
lus casei W56, Lactobacillus salivarius W24, Lactococcus 
lactis W19, and Lactococcus lactis W58 [MD = − 3.20, 
95% CI (− 4.89, − 1.51)] (Fig. 5)

Change in total cholesterol (mg\dl) (See supplementary file 2)
Pooled results showed that yeast containing Saccha-
romyces cerevisiae had the highest reduction in total 
cholesterol among other probiotics [MD = − 43.67, 
95% CI (− 57.07, − 30.27)]. This was followed by yogurt 

Fig. 1  PRISMA
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Fig. 2  Risk of bias graph
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containing Bifidobacterium animalis [MD = − 40.19, 95% 
CI (− 59.20, − 21.18)] (Fig. 6)

Change in TAG (mg\dl) (See supplementary file 2)
Pooled results showed that yogurt containing Lacto-
bacillus acidophilus La5, and Bifidobacterium Bb12 
plus Cucurbita ficifolia had the highest reduction in 
TAG among other probiotics [MD = −  83.25, 95% CI 
(−  140.19, −  26.32)]. This was followed by bread con-
taining Lactobacillus sporogenes [MD = −  64.60, 95% 
CI (− 109.72, − 19.48)], and combination of Lactobacil-
lus acidophilus, Bifidobacterium bifidum, Lactobacillus 

reuteri, and Lactobacillus fermentum [MD = −  44.90, 
95% CI (− 68.91, − 20.89)] (Fig. 7)

Change in HDL (md\dl) (See supplementary file 2)
Pooled results showed that yogurt containing Bifidobac-
terium animalis had the highest elevation in HDL among 
other probiotics [MD = 12.15, 95% CI (9.62, 14.68)]. This 
was followed by yeast containing Saccharomyces cer-
evisiae [MD = 11.62, 95% CI (9.00, 14.24)], and yogurt 
containing Lactobacillus acidophilus La5, and Bifidobac-
terium Bb12 plus Cucurbita ficifolia [MD = 11.81, 95% CI 
(3.58, 20.04)] (Fig. 8)

Fig. 3  FPG

Fig. 4  HbA1c
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Fig. 5  Insulin Resistance

Fig. 6  Total Cholesterol

Fig. 7  TAG​
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Change in LDL (md\dl) (See supplementary file 2)
Pooled results showed that Bifidobacterium breve had 
the highest reduction in LDL among other probiotics 
[MD = − 20, 95% CI (− 28.27, − 11.73)] (Fig. 9)

Change in weight gain (kg) (See supplementary file 2)
Pooled results showed that Bifidobacterium breve had 
the highest reduction in weight gain among other pro-
biotics [MD = − 1.77, 95% CI (− 3.48, − 0.06)]. This was 
followed by a combination of Lactobacillus acidophilus, 
Lactobacillus casei, Lactobacillus lactis, Bifidobacterium 
bifidum, Bifidobacterium longum, and Bifidobacterium 
infantis [MD = − 1.20, 95% CI (− 1.85, − 0.55)] (Fig. 10)

Secondary outcomes
Insulin concentration (mg\dl) (See supplementary file 3)
Pooled results showed that combination of Lactobacillus 
rhamnosus, Lactobacillus casei, Lactobacillus bulgaricus, 

Lactobacillus acidophilus, Bifidobacterium breve, Bifido-
bacterium longum, and Streptococcus thermophilus plus 
soy milk containing Lactobacillus plantarum A7 had the 
highest reduction in insulin concentration among other 
probiotics [MD = − 8.49, 95% CI (− 15.55, − 1.42)].

Fasting insulin (mg/dl) (See supplementary file 3)
None of the included probiotics significantly reduced the 
fasting insulin concentration.

PPG (mg\dl) (See supplementary file 3)
Pooled results showed that yeast containing Saccha-
romyces cerevisiae had the highest reduction in PPG 
among other probiotics [MD = − 38.70, 95% CI (− 52.23, 
−  25.17)]. This was followed by yogurt containing Bifi-
dobacterium animalis [MD = −  29.30, 95% CI (−  44.52, 
− 14.08)].

Fig. 8  HDL

Fig. 9  LDL
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Cholesterol/HDL ratio (See supplementary file 3)
Pooled results showed that a combination of Lacto-
bacillus acidophilus, Bifidobacterium bifidum, Lac-
tobacillus reuteri, and Lactobacillus fermentum had 
the highest reduction in cholesterol\HDL ratio among 
other probiotics [MD = − 1.30, 95% CI (− 1.83, − 0.77)]. 
This was followed by bread containing Lactobacillus 
sporogenes [MD = − 0.90, 95% CI (− 1.45, − 0.35)].

CRP (mg\dl) (See supplementary file 3)
Pooled results showed that fermented milk contain-
ing Lactobacillus casei had the highest reduction in 
CRP among other probiotics [MD = −  4.50, 95% CI 
(−  12.08, 3.08)]; However, it was not significant. This 
was followed by honey containing Bacillus coagulans 
[MD = −  1.70, 95% CI (−  2.99, −  0.41)], and combina-
tion of Lactobacillus acidophilus, Lactobacillus casei, 
Lactobacillus bulgaricus, Bifidobacterium breve, Bifi-
dobacterium longum, and Streptococcus thermophilus 
[MD = − 1.65, 95% CI (− 3.09, − 0.22)].

IL‑6 (pg/ml) (See supplementary file 3)
Pooled results showed that yogurt containing Bifi-
dobacterium animalis had the highest reduction in 
IL-6 among other probiotics [MD = −  14.70, 95% CI 
(− 23.82, − 5.58)].

TNF‑α (pg/ml) (See supplementary file 3)
Pooled results showed that yogurt containing Bifi-
dobacterium animalis had the highest reduction in 
TNF-α among other probiotics [MD = −  12.70, 95% 
CI (−  15.61, −  9.79)]. This was followed by Lactoba-
cillus reuteri ADR-3 [MD = −  12.60, 95% CI (−  15.81, 

−  9.39)], and yeast containing Saccharomyces cerevi-
siae [MD = − 11.10, 95% CI (− 13.85, − 8.35)].

Adiponectin (µg/ml) (See supplementary file 3)
None of the included probiotics significantly increased 
the adiponectin concentration.

Leptin (µg/ml) (See supplementary file 3)
None of the included probiotics significantly increased 
the leptin concentration.

Resistin (ng\ml) (See supplementary file 3)
Pooled results showed that a combination of Bifidobac-
terium bifidum W23, Bifidobacterium lactis W52, Lac-
tobacillus acidophilus W37, Lactobacillus brevis W63, 
Lactobacillus casei W56, Lactobacillus salivarius W24, 
Lactococcus lactis W19, and Lactococcus lactis W58 had 
the highest reduction in resistin among other probiotics 
[MD = − 9.23, 95% CI (− 15.32, − 3.14)].

Fat mass (kg) (See supplementary file 3)
Pooled results showed that Bifidobacterium breve had 
the highest reduction in fat mass among other probiotics 
[MD = − 3.87, 95% CI (− 6.23, − 1.51)].

Table 3 summarizes the results of the main outcomes.

Meta‑regression analysis
The analyses showed no significant moderating effects of 
age or baseline HbA1c on the primary outcomes, includ-
ing fasting blood glucose (FBG), HbA1c, insulin resist-
ance, insulin levels, postprandial glucose (PPG), and 
various metabolic and inflammatory markers. Regarding 
the age, the OR for fasting blood glucose (FBG) was 1.01 
(95% CI: 0.94–1.08, p = 0.8296), and for insulin resistance, 
the OR was 1.03 (95% CI: 0.97–1.10, p = 0.3397). Simi-
larly, inflammatory markers such as C-reactive protein 

Fig. 10  Weight gain
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(CRP), interleukin-6 (IL-6), and tumor necrosis factor-
alpha (TNF-α) also did not demonstrate significant asso-
ciations with age (p > 0.05 for all). Regarding HbA1c, none 
of the associations reached statistical significance either. 
For instance, the OR for insulin resistance was 1.03 (95% 

CI: 0.96–1.10, p = 0.4367), while for postprandial glucose, 
the OR was 0.45 (95% CI: 0.06–2.75, p = 0.4488). Lipid 
profile parameters, including total cholesterol, triglycer-
ides, HDL, and LDL, were also not significantly affected 
by HbA1c levels (p > 0.05 for all) (Table 4).

Table 3  Summary of the main outcomes of our NMA

MD mean difference, FPG fasting plasma glucose, HbA1c Hemoglobin A1c, TGA​ triglycerides, LDL low density lipoprotein, HDL high density lipoprotein

The main outcomes The best therapeutic option MD and 95% CI

Glycemic indices FPG (mg/dl) The combination of Bifidobacterium bifidum W23, Bifidobacterium lactis 
W52, Lactobacillus acidophilus W37, Lactobacillus brevis W63, Lactoba-
cillus casei W56, Lactobacillus salivarius W24, Lactococcus lactis W19, 
and Lactococcus lactis W58

MD = − 73.50,
95% CI (− 113.13, − 33.86)

HbA1c (%) Yogurt containing Lactobacillus acidophilus La5, and Bifidobacterium 
Bb12 plus Cucurbita ficifolia

MD = − 1.59,
95% CI (− 3.07, − 0.12)

Insulin resistance (HOMA-IR) Yogurt containing Lactobacillus casei MD = − 7.56,
95% CI (− 11.78, − 3.34)

Lipid profile 
and weight 
metrics

Total cholesterol (mg\dl) Yeast containing Saccharomyces cerevisiae MD = − 43.67,
95% CI (− 57.07, − 30.27)

TAG (mg\dl) Yogurt containing Lactobacillus acidophilus La5, and Bifidobacterium 
Bb12 plus Cucurbita ficifolia

MD = − 83.25,
95% CI (− 140.19, − 26.32)

HDL (mg\dl) Yogurt containing Bifidobacterium animalis MD = 12.15,
95% CI (9.62, 14.68)

LDL (mg\dl) Bifidobacterium breve MD = − 20,
95% CI (− 28.27, − 11.73)

Weight gain (kg) Bifidobacterium breve MD = − 1.77,
95% CI (− 3.48, − 0.06)

Table 4  Meta-regression analysis of the effect of age and base line HbA1c on the study outcomes

OR: Odds Ratio, CI: Confidence interval

Outcome Age Baseline HbA1c

OR (95% CI), p-value OR (95% CI), p-value

FBG 1.01 (0.94, 1.08) 0.8296 8.72 (0.08, 939.91) 0.3643

HbA1c 1.00 (0.94, 1.08) 0.9208 0.23 (0.61, 12.3) 0.2134

Insulin Resistance 1.03 (0.97, 1.10) 0.3397 1.03 (0.96, 1.10) 0.4367

Insulin Concentration 1.01 (0.05, 19.87) 0.9901 0.89 (0.02, 52.34) 0.9554

Fasting Insulin 1.24 (0.17, 8.86) 0.8202 1.08 (0.13, 8.72) 0.9495

Postprandial Glucose (PPG) 0.57 (0.13, 2.46) 0.4477 0.45 (0.06, 2.75) 0.4488

Total Cholesterol 0.62 (0.14, 2.82) 0.5377 0.73 (0.01, 2.62) 0.3379

Triglycerides (TGA) 0.93 (0.23, 3.75) 0.9217 1.06 (0.00, 9.45) 0.9391

HDL 0.67 (0.10, 4.41) 0.6792 2.32 (0.22, 24.21) 0.4827

LDL 0.81 (0.19, 3.35) 0.7642 0.91 (0.01, 4.40) 0.4682

Cholesterol/HDL Ratio 0.97 (0.91, 1.03) 0.3464 0.97 (0.90, 1.04) 0.4102

CRP 1.02 (0.97, 1.07) 0.4496 1.02 (0.96, 1.08) 0.5204

IL-6 0.95 (0.82, 1.09) 0.4712 0.95 (0.83, 1.10) 0.5091

TNF-α 1.07 (0.83, 1.39) 0.6098 1.05 (0.81, 1.35) 0.7148

Adiponectin 1.00 (0.97, 1.03) 0.9755 1.00 (0.97, 1.03) 0.9405

Leptin 0.96 (0.41, 2.23) 0.9287 0.88 (0.37, 2.10) 0.7734

Resistin 1.21 (0.44, 3.34) 0.7136 1.17 (0.41, 3.32) 0.7738

Fat Mass 1.02 (0.46, 2.28) 0.9538 1.09 (0.48, 2.48) 0.8310

Weight Gain 0.97 (0.94, 1.01) 0.1098 0.97 (0.93, 1.01) 0.1422
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Discussion
Our NMA gave a thorough analysis of the effectiveness 
of several probiotics in the treatment of T2DM. Herein, 
we examined the direct and indirect evidence from vari-
ous research that calculated the probiotics’ effectiveness 
in treating T2DM. Our study produced important results 
regarding the effectiveness of several probiotics in key 
clinical parameters associated with T2DM.

Our results revealed significant findings related to the 
efficacy of various probiotics in lowering FPG. This was 
similar to the result reported by Bakhtiary et al., (94) who 
reported that probiotic, prebiotic, and synbiotic sup-
plementation significantly reduced FPG. Additionally, 
Samah et  al., (30) reported that probiotics significantly 
lowered FPG. In our study probiotics containing a com-
bination of Bifidobacterium and Lactobacillus strains had 
the highest reduction of FPG. This was similar to Raygan 
et al., (79) which was conducted in patients with T2DM 
and coronary heart disease. They found that the interven-
tion, during which the strains of Bifidobacterium bifidum, 
Lactobacillus casei, and Lactobacillus acidophilus were 
ingested for 12 weeks, significantly decreased the FPG. 
In contrast to our result, Dong et al., (95) reported in a 
review and meta-analysis, which described and evaluated 
18 RCT studies, that using Lactobacillus or Bifidobac-
terium probiotic foods or supplements as interventions 
showed no significant difference in the FPG level when 
compared to the control group [p = 0.44], but their result 
was based on 7 reviewed studies [642 participants].

Regarding HbA1c, our results showed that yogurt 
containing Lactobacillus acidophilus La5, and Bifido-
bacterium Bb12 plus Cucurbita ficifolia had the highest 
reduction in HbA1c among other probiotics. In contrast 
to our result, Dong et al., (95) reported that the using of 
Lactobacillus or Bifidobacterium probiotic foods or sup-
plements as interventions showed no significant differ-
ence in HbA1c between the probiotic and control groups 
[p = 0.20], but the meta-analysis was performed based on 
only 2 studies (199 participants).

Regarding IR, our results, in addition, revealed that 
yogurt containing Lactobacillus casei had the highest 
reduction in insulin resistance among other probiotics. 
Similar findings were made by Raygan et  al., (79) who 
discovered that a 12-week intervention involving the 
ingestion of, Lactobacillus casei, Lactobacillus acidophi-
lus, and Bifidobacterium bifidum, strains dramatically 
reduced insulin resistance. Krüger et  al., (96) reported 
that from 3 RCTs involving 161 individuals with Alzhei-
mer’s disease receiving Lactobacillus and Bifidobacte-
rium strains, probiotics significantly improved insulin 
resistance. In addition, Pan et al., (97) reported that the 
use of Bifidobacterium lactis was statistically significant 
in reducing Insulin resistance.

In terms of lipid profile, the yogurt containing Bifido-
bacterium animalis had the highest elevation in HDL 
among other probiotics. Our results contrast with a 
meta-analysis by Amir et  al., (98) who reported that 
patients with diabetic nephropathy receiving probiotics 
compared to a control group did not experience any sig-
nificant improvement in HDL levels. Moreover, a clini-
cal trial by Yujin et al., (99) indicated that there were no 
significant changes in HDL levels. These changes were 
not affected by different periods with varying amounts 
of Bifidobacterium animalis ingestion compared to peri-
ods without Bifidobacterium animalis in healthy young 
adults.

Regarding LDL, the Bifidobacterium breve had the 
highest reduction in LDL among other probiotics. Our 
results aligned with the meta-analysis reported by Xiao 
et al. (100), who found that the probiotic treatments had a 
greater impact on decreasing LDL concentration than the 
control interventions. Moreover, Kim et al., (101) clinical 
trial reported that Both the low- and high-dose Bifido-
bacterium breve groups significantly lowered LDL levels 
in contrast to the placebo group in adults with Moderate 
Hypercholesterolemia. Our analysis also demonstrated 
the efficacy of Lactobacillus reuteri ADR-1 and Lactoba-
cillus paracasei in lowering the Plasma LDL levels. This 
also was reported by Heish et al., (20) who observed that, 
the Lactobacillus reuteri ADR-1 ingestion group experi-
enced decreases in LDL, cholesterol, and free fatty acids, 
but only cholesterol was significantly different from the 
control group. Bifidobacterium breve was more effective 
at lowering the LDL and preventing weight gain.

In terms of TAG, pooled results showed that yogurt 
containing Lactobacillus acidophilus La5, and Bifido-
bacterium Bb12 plus Cucurbita ficifolia had the highest 
reduction in TAG among other probiotics In contrast, 
Ejtahed et  al., (46) reported that TAG was not signifi-
cantly different from baseline in the probiotic group 
taking yogurt containing Lactobacillus acidophilus, and 
Bifidobacterium. Bread containing Lactobacillus sporo-
genes, and a combination of Lactobacillus acidophilus, 
Bifidobacterium bifidum, Lactobacillus reuteri, and Lac-
tobacillus fermentum demonstrated significant efficacy 
in lowering plasma TAG levels as well. This was aligned 
with the findings of the meta-analysis by Wu et al., (102) 
which reported taking synbiotic foods with Lactobacillus 
sporogenes and inulin had a significant positive impact 
on TAG.

Regarding total cholesterol level, our results showed 
that yeast containing Saccharomyces cerevisiae had 
the highest reduction in total cholesterol among oth-
ers. Boroujeni et al., (103) reported that the tendency 
of total cholesterol to decrease after consuming yeast 
containing Saccharomyces cerevisiae. However, this 
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reduction did not reach significant levels. Yogurt con-
taining Bifidobacterium animalis, yogurt containing 
Lactobacillus acidophilus La5, and Bifidobacterium 
Bb12 plus Cucurbita ficifolia showed a significant 
reduction in total cholesterol level. In contrast to our 
findings, Yujin et al., (99) reported that there were no 
detectable changes in total cholesterol after Bifidobac-
terium animalis ingestion compared to periods with 
no Bifidobacterium animalis. Our study’s unique com-
bination of Lactobacillus acidophilus La5, and Bifi-
dobacterium Bb12 plus Cucurbita ficifolia in yogurt 
and the inclusion of yeast containing Saccharomyces 
cerevisiae could have synergistic effects on TAG and 
total cholesterol reduction that differ from the results 
reported in previous studies. This may explain the dis-
crepancy between our results and the literature.

Numerous probiotics showed effective interplay 
between various T2DM-related parameters. In terms 
of lowering FPG and HbA1c results, the combination 
of probiotics containing Bifidobacterium and Lac-
tobacillus strains with yogurt containing yogurt for-
mulations containing Lactobacillus acidophilus La5, 
Bifidobacterium Bb12 with Cucurbita ficifolia were 
optimum. Additionally, Lactobacillus casei proved to 
be more effective at lowering insulin resistance. There-
fore, combining the aforementioned probiotics may 
have a synergistic impact and improve the results of 
FPG, HbA1c, and insulin resistance. In addition, other 
probiotic combinations showed promising efficacy in 
different parameters associated with cardiovascular 
events. The combination of Bifidobacterium breve, 
and yogurt containing Bifidobacterium animalis was 
superior in LDL and HDL outcomes. Whereas the 
combination of yogurt containing Lactobacillus acido-
philus La5, and Bifidobacterium Bb12 plus Cucurbita 
ficifolia and yeast containing Saccharomyces cerevisiae 
was superior in TAG and total cholesterol outcomes, 
respectively.

This study has several limitations. There was nota-
ble variability in probiotic dosages, formulations, 
and study durations, with many being short-term, 
which may be the source of potential heterogeneity 
and affect the generalizability of the findings. Some 
included studies lacked complete outcome data, and 
we excluded a few studies (39, 63, 85) combining pro-
biotics with metformin due to network inconsisten-
cies. Additionally, potential publication bias cannot 
be ruled out, and combining different types of control 
groups introduced heterogeneity that may complicate 
interpretation. Overall, the clinical and methodologi-
cal heterogeneity among studies suggests caution in 
applying these results broadly.

Conclusion
Our network meta-analysis elucidates the potential of 
probiotic interventions in improving glycemic control 
and lipid profiles among individuals with type 2 dia-
betes mellitus. Particularly, combinations of various 
strains of Lactobacillus, Bifidobacterium, and yogurt 
formulations containing Lactobacillus acidophilus La5, 
Bifidobacterium Bb12 with Cucurbita ficifolia, and Sac-
charomyces cerevisiae yeast show promise as adjunc-
tive therapies for managing T2DM.
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