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ABSTRACT 
 

Obesity and diabetes are two metabolic disorders linked by an inflammatory process named insulin resistance (IR). 

Various research on the role of gut microbiota in developing obesity and its associated disorders has led to the 

growing interest in probiotic supplementation. Considering the life-threatening complications of diabesity this mini 

review explored the effects of probiotic supplementation on IR in obesity associated diabetes. This review is based 

on recent articles from 2005-2020, studying the role of probiotic supplementation on glucose and insulin 

parameters in healthy and diabetic mouse model. Probiotic supplementation altered the gut microbiota composition, 

increased short chain fatty acid production, and decreased pro inflammatory cytokines. Additionally, they 

decreased intestinal permeability, circulating lipopolysaccharides and metabolic endotoxemia, hence improved 

insulin sensitivity and reduced obesity. Although multi-strain probiotic supplementation showed greater benefits 

than single strain interventions, variations in the concentration of probiotics used and the duration of treatment also 

influenced the results.  Probiotic supplementation could manipulate the gut microbiota by reducing intestinal 

permeability, inflammation and ameliorate IR and obesity associated diabetes in animal models which requires 

further long-term clinical studies in humans.   
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INTRODUCTION 
 

iabesity refers to the coexistence of two 

metabolic disorders; type 2 diabetes (T2D) 

and obesity, the present epidemic requires 

immediate global attention (1). Contemporary lifestyle 

involving declined physical activity and increased 

calorie intake results in this chronic disorder (2). The 

worldwide dual epidemic of obesity and T2D is 

increasing at an alarming rate. At present 463 million 

adults worldwide are diabetic, and the number is 

expected to rise to 700 million by 2045 (3). Adding to 

the risk of developing diabesity, WHO stated that the 

number of obese people worldwide has tripled since 

1975 with a total being 650 million in 2016 (4).  T2D, 

a multifactorial disease results hyperglycaemia due to 

an absolute or relative lack of insulin or cellular 

resistance to insulin, the predominant factors 

contribute its development are genetic mutations and 

environment (5). Moreover, inability to produce 

insulin from pancreatic beta cells and peripheral IR, 

results in perturbation of glucose homeostasis leading 

to development of obesity and its associated disorders. 

IR gets accelerated by obesity when accompanied by 

pancreatic β-cells dysfunction results in the 

development of T2D (5). Hence, obesity can be 

reported as a major risk factor for the development of 

IR and T2D (6). 
 
Modification of the gut microbiota has been studied to 

play a vital role in ameliorating obesity and its 

associated disorders. Gut microbiota is a complex 

community of microorganisms, the major phylae 

being inhabit in our gastrointestinal tract are 

Firmicutes, Bacteroidetes, Actinobacteria, 

Proteobacteria and Verrucomicrobia (7). Their main 

functions are to extract energy from indigestible food, 

synthesize essential vitamins and modulate immune 

system (8). Dysbiosis of these gut microbes can 

dysregulate energy metabolism, gut permeability, 

inflammation and ultimately lead to conditions like 

IR, obesity and T2D (5). Bagarolli et al., found that 

probiotic-treated mice receiving a high fat diet (HFD) 

gained significantly less weight and had reduced food 

intake compared with animals that did not receive 

probiotics. The metagenomic sequencing of feces of 

experimental mice shows that supplementing 

Bifidobacterium as probiotic has increased the gut 

concentration of Bifidobacterium and decreased the 

concentration of Firmicutes which is associated with 

the development of T2D (8). 
 

IR is a pathological condition of declined cellular 

response to insulin causing hyperglycaemia, despite of 

β-cells of the pancreas are being able to produce 

enough insulin. This state of cellular non-

responsiveness to insulin characterizes the transition 

from IR to T2D (9). In obese individuals the adiposity 

of body increases and so does the free fatty acid. Free 

fatty acid blunts the PI3K/AKT/mTOR pathway 

leading to decreased insulin sensitivity (8). Reactive 

oxygen species (ROS) produced from β-oxidation of 
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saturated fat increases gut permeability causing leaky 

gut (5). This leads to the activation of TLR signaling 

pathway and production of pro-inflammatory 

cytokines like TNF-α and IL-1β, IL-6, causing 

development of IR (8).  However, probiotics reverse 

the process by decreasing the activation of TLR 

signaling pathway and thus reducing production pro-

inflammatory cytokines (8). 
 

Probiotics have been used as an interventional 

approach for decades. Their role in the modification 

of gut microbiota was described 500 years ago, but 

their clinical implementation is being studied for not 

more than 50 years (10). Probiotic supplementation 

has been studied by single and multiple strain 

administration, under various conditions to analyse 

their effect individually and in combination. Though 

studies show that multi-strain supplementation has 

more beneficial effects than single strain (11), many 

other factors like the concentration and duration of 

treatment also influences the result. The commonly 

used probiotics are Bifidobacterium, Lactic acid 

bacteria (LAB), dairy Propionibacterium, yeasts 

(Saccharomyces boulardii), Bacillus and E. coli (12). 

They are known to modulate the body’s immune 

system through cellular components like 

polysaccharides, peptidoglycans, DNA etc. Probiotics 

increase satiety and glucose tolerance by decreasing 

leptin signalling and modulating AMPK pathways 

(13). They also restore the expression of tight junction 

proteins like Zolin-1 and Occludin to reduce intestinal 

permeability (8). 
 

Obesity and insulin resistance run parallelly, where 

one can be the cause of developing the other. Both 

being responsible for the development of T2D are 

strongly interconnected. However, probiotics add to 

this relationship by altering the gut microbiota and 

reducing obesity, IR and T2D. In this review we 

analysed the recent studies to overview the effects of 

probiotic supplementation on IR in obesity associated 

T2D. 
 

This review was performed based on original and 

review articles available on the electronic database of 

PubMed from the National Library of Medicine. The 

Medical Subject Headings (2) used for the search 

were: ‘probiotics’, ‘gut microbiota’, ‘obesity’, ‘Type 2 

Diabetes’ and ‘insulin resistance’ in various 

combinations. Thirteen different articles were initially 

found from the PubMed search. Three independent 

reviewers analysed the search results by reading the 

titles, abstracts, and objectives. Disagreements were 

solved through meetings and discussions. The overall 

records identified by common acceptance were then 

narrowed down based on inclusion criteria. The 

articles selected were the ones with an objective of 

determining the effects of probiotic supplementation 

on IR in obesity-associated diabetes. The exclusion 

criteria were clinical trials, gestational diabetes, Type 

1 diabetes, and lack of adequate information regarding 

the use of probiotics. Our review articles mostly 

included recent studies ranging from 2005-2020. 

Probiotics used in our review paper were various 

strains of Lactobacillus, Bifidobacterium and 

Akkermansia on both diabetic and healthy mice. They 

were subjected to high fat diet in a controlled 

environment with administration of single or multi-

strain probiotics.  
 

Probiotics on glucose metabolism and insulin 

resistance  
 

The effect of probiotic supplementation on glucose 

metabolism and IR is given in Table 1. Results from 

seven different articles have been tabulated and 

interpreted. A. muciniphila reduced hepatic glycogen, 

inflammatory markers, improved mucosal layer 

thickness  and thus reduced metabolic endotoxemia 

and IR (14, 15). Supplementation of Lactobacillus 

casei increased insulin sensitivity and glucose 

tolerance by reducing TNF-α and other inflammatory 

markers. This reduced pancreatic cell degeneration 

and induced regeneration. Firmicutes-to-Bacteroidetes 

ratio, a suggested marker of metabolic disorders and 

T2D decreased (16). Bifidobacterium 

pseudocatenulatum showed an improvement in the 

glucose profile and decreased serum leptin 

concentration (17). L. rhamnosus used in combination 

with other strains and with Bifidobacterium promoted 

the release of glucagon-like protein 1 (GLP-1), 

resulting in reduced food intake and improved glucose 

tolerance (8, 18). It has also elevated the expression 

tight junction proteins and reduced LPS translocation 

and macrophage infiltration contributing to reduced 

endotoxemia and improved insulin sensitivity.  

 

Probiotics and their potential mechanism of action  
 

With the evolution of research, probiotics now contain 

microorganisms ranging from 10^8- 10^10 (10). 

Commonly used probiotics include large variety of 

Lactobacillus and Bifidobacterium species (19). LAB 

broadly used as probiotic represents a group of 

microorganisms found in fermented milk products and 

in the gastrointestinal and urinary tracts in animals 

(20). LAB produces bacteriocins that can directly 

modulate the gut microbiota (13). Propioni- 

bacterium, a non-LAB is known to produce 

metabolites such as short chain fatty acids (SCFA), 

vitamins B8, B9, B12 and bifidogenic anti-

inflammatory products (DHNA) (19). While the 

SCFAs help in maintaining the gut barrier integrity 

(21), anti-inflammatory products reduce IR. SCFA 

also stimulate the L-cells to produce glucagon-like-

protien-1 (GLP-1), which improves glucose tolerance 

and reduce food intake (22). Butyrate maintains the 

intestinal barrier by acting as a nutrient for the gut 

colonocytes (23). The restored gut barrier prevents 

translocation of LPS, reducing metabolic endotoxemia 

and IR (8). 

652



Saha et al: The role of probiotic supplementation on insulin resistance in obesity associated diabetes: A mini review 

DOI: https://doi.org/10.51248/.v42i4.1359                                                                                Biomedicine- Vol. 42 No. 4: 2022 

 

Table 1: Effect of probiotic supplementation on glucose metabolism and IR 
Ref. Diet and experimental 

groups 

Probiotic type and dose Duration of 

Treatment 

Glucose and 

Insulin Profile 

Other Effects 

(22) HFD (Non-Diabetic)  VSL#3 (L. acidophilus MB 

443, L.delbrueckii subsp. bulga

ricus MB 453, L.casei MB 

451, L. plantarum MB 452,  

B.longum Y10, B.infantis Y1,  

B. breve Y8, 

and S.salivarius subsp. thermop

hilus MB 455) 

5mg/kg of body weight 

Preventive 

treatment: 8 

weeks. 

Therapeutic 

treatment:   

13 weeks on 

HFD+8 weeks 

of probiotic 

treatment 

 Insulin 

tolerance 

Glucose 

tolerance 

• AgRP,NPY,POMC 

• Adipocyte Size 

• Body Weight Gain 

• Firmicutes 

Bacteroidetes 

Bifidobactericeae 

•  Pro inflammatory 

cytokines, TG, FFA 

 

(13) 

 

HFD (Non-Diabetic) 

 

 A. muciniphila 

 2.108 cfu/day 

 

4 weeks 

 

↓Insulin 

resistance 

 

• ↓Weight gain 

• ↓Endotoxemia 

• ↑Restoration of mucosal 

layer thickness 

(17) HFD (Non-Diabetic)  Bifidobacterium  

pseudocatenulatum CECT 7765 

109 cfu/day 

7 weeks Glucose 

Insulin 
• Leptin levels 

• Serum chol, TG 

(15) 

 

 

HFD (Non-Diabetic) 

 

Lactobacillus paracasei CNCM I-

4270 (3), L. rhamnosus I-3690 

(LR) or B.animalis subsp. lactis I-

2494 (BA)108 cells/day 

(individually, not in combination) 

12 weeks 

 

↑Glucose-insulin 

homeostasis  

 

• ↓Weight gain 

• ↓Macrophage infiltration  

• ↓TNF-α expression  

• ↓LBP (a marker of 

endotoxin) 

 (16) C (Non -Diabetic control) 

M (HFD diabetic control) 

 P (HFD + pioglitazone) 

 10^8 

(HFD + L.casei 10^8) 

10^9 (HFD + L.casei 10^9) 

 10^10 (HFD + L.casei 10^1 

 

Lactobacillus casei CCFM419 

10^8 or 10^9 or 10^10 CFU 

 

12 weeks Treatment 

induced- 

-Glucose AUC 

-Insulin level 

-HOMA-IR 

Pb doses of 

10^8-10^9 CFU 

showed better 

improvement in 

insulin resistance 

than 10^10 

Probiotic groups- TNF-α 

• ↑protective effects in islet 

cells.  

• ↑Acetate, butyrate and 

GLP-at 10^9 and 

10^10 CFU doses 

• Firmicutes-to-

Bacteroidetes ratio.  

(8) 

 

C (Non -Diabetic Chow 

diet) 

CPB (chow diet+Pb) 

DIOPF (Non–Diabetic 

HFD) 

DIOPB (Non-Diabetic 

HFD+Pb) 

 

L.rhamnosus,  

L. acidophilus,  

B. bifidum 

6*10^8 CFU of each strain 

5 weeks Pb treatment- 

↑ Glucose 

Tolerance 

 

Pb treatment induced-NPY 

• ↑ Akt^ser 473 

phosphorylation 

• Inflammatory cytokines 

like IL-6, TNF- α 

↑Firmicutes, Actinobacteria 

• ¯Bacteroidetes 

• ↑ Expression of Tight 

Junction proteins like ZO-

1 and Occludin 

• ↑ GLP-1 

• Size of Adipocytes in 

Liver and Adipose Tissue 

Macrophage Infiltration 

(16) NC (Non -Diabetic 

control) 

NH (normal high-dose-

5 × 10^8 live 

A. muciniphila) 

DC (HFD diabetic control) 

DH (diabetic high-dose-

5 × 10^8 live  

A. muciniphila) 

DL (diabetic low-dose-

5 × 10^6 live  

A. muciniphila) 

DP (diabetic-5 × 10^8 

pasteurized  

A. muciniphila) 

DM (HFD diabetic 

metformin) 

Akkermansia muciniphila 

5 × 10^8 live CFU or 

5 × 10^6 live CFU or 

5 × 10^8 pasteurized CFU 

 

4 weeks 

 

No significant 

difference in 

insulin and 

glucose values 

was observed 

between the 

HFD probiotic 

groups during 

OGTT 

Only Metformin 

group had a 

lower glycemic 

peak than control 

groups 

 

All Diabetic Treated 

Groups: 

• ↓Hepatic glycogen  

• ↓TNF-α levels  

DL, DP and DM groups  

• ↓Levels of LPS, MDA 

• ↓GLP-1 

DC, DP and DM groups  

• ↑Triglycerides levels 

DM group  

• ↑ Cholesterol levels 
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Probiotics, modulation of gut microbiota and 

energy metabolism 
 

Along with healthy eating and physical exercise, 

cultivating a diverse gut microbiome is important for 

controlling obesity and T2D. Recent studies have 

shown that the gut microbiome is more diverse in 

healthy individuals than in ones with T2D (24). This 

diversity can be brought about by probiotics 

supplementation, either through fermented food and 

beverages like yogurt, cheese (25) or through dietary 

supplements in the form of tablets and capsules (26, 

27). Yogurt, a fermented milk product containing 

probiotics when consumed was seen to reduce weight, 

inflammatory markers, and the risk of developing 

T2D (28). Microorganisms such as Bacteroidetes and 

Actinobacteria which have been studied to be 

negatively associated with T2D was increased and the 

prevalence of Firmicutes which is positively 

associated with T2D decreased with probiotic 

supplementation (22, 29). Observations also suggest 

that differences in gut microbiota composition varied 

according to the body’s adiposity. In a study, 

prevalence of Firmicutes was found to be higher in 

obese mice than in lean mice (30).  Modulation of the 

gut microbiota causes alterations of different genes 

and pathways to regulate energy metabolism. 

Probiotics have been studied to suppress the 

expression of AMP-activated protein kinase (AMPK), 

which decreased oxidation of fatty acid in muscles 

leading to increased insulin sensitivity (31). 

 

Probiotics: dose, duration, single and multi-strain 

intervention 
 

In our review we explored the effects of probiotic 

supplementation along with the effective doses and 

duration for their optimum functioning. Wang et al., 

(16) studied that administration of Lactobacillus casei 

in a concentration of 10^8-10^9 CFU showed better 

improvement in IR when compared with the 

concentration of 10^10 CFU. This shows that 

administration of an appropriate dose of probiotic is 

essential for its maximum efficacy. Duration of 

probiotic supplementation also plays an important role 

in attenuating obesity associated disorders. Probiotic 

supplementation did not have any changes in the 

insulin and glucose profiles at 3rd and 4th week (15, 

18, 32) until the 16th week in an experiment carried 

out for 24 weeks on HFD induced mice using 

different strains of Lactobacillus. Just like dose and 

duration, single and multi-strain probiotic 

administration can vary the results. Multi-strain 

probiotic shows greater benefits on metabolic health 

than single strain probiotic supplementation. For 

example, single strain of Bifidobacterium used in a 

study (17) showed much less benefits in improving 

metabolic health compared to the study performed by 

Bagarolli et al., who used two different strains of 

Lactobacillus in combination with Bifidobacterium. 

The multi-strain supplementation showed a marked 

reduction in inflammatory cytokine production and 

macrophage infiltration (8) in contrast to the single 

strain supplementation (17) 
 
Probiotics supplementation improves insulin 

resistance 
 

Obesity causes low grade systemic inflammation by 

visceral adipocytes releasing cytokines like leptin, 

adiponectin, and inflammatory cytokines like tumor 

necrotic factor- α (TNF-α), interleukin-6 (IL-6). This 

elevated inflammation and subsequent cytokine 

release alter insulin signaling and contribute to IR (9). 

Furthermore, saturated fatty acids (FAs) and 

alterations in gut microbiota triggers metabolic 

inflammation by stimulating pattern-recognition 

receptors (PRRs) like toll-like receptors (TLR), 

nucleotide oligomerization domain (NOD), and 

inflammasomes (33). These eventually increase pro-

inflammatory cytokines, T lymphocytes and 

macrophages that activate numerous kinases which 

interfere with insulin signaling and insulin action (9). 

Probiotic supplementation has been studied to reduce 

the expression of NOD1 and PRR genes in obese mice 

causing reduction in weight gain and IR.8 The protein 

kinases JNK and IKK responsible for inflammation 

and IR are also downregulated by probiotic 

supplementation (8). Obesity has been studied to 

increase the expression of TLR4 in mice which 

negatively affects insulin sensitivity and cascade T2D 

(34). Probiotic supplementations reduce TLR 

signaling pathway, NFκB translocation into the 

nucleus and thus reduce inflammation and IR (8). 

 

Probiotics alleviate diabesity 
 

Probiotics can alter the secretion of substances like 

leptin and adiponectin responsible for hypothalamic 

control of diet and glucose metabolism (8, 22). Leptin, 

a hormone released from the adipose tissue causes 

hyperphagia. Probiotic supplementation in obese mice 

has been studied to decrease adipose tissue resulting 

in decreased leptin release, increasing STAT3 

phosphorylation, POMC and thus reducing appetite 

(8). A reduction in appetite causes decreased weight 

gain, fat mass accumulation, and hence reduces 

obesity (22). Obesity decreases the expression of 

GLUT-4 mRNA responsible for insulin sensitivity and 

glucose uptake (35). This is reversed by probiotic 

supplementation which increases serum GLP-1 levels 

and help regulate blood sugar and weight gain by 

acting on multiple receptors in the hypothalamus (8). 

Insulin-induced Akt^ser 473 phosphorylation levels 

responsible for glucose metabolism, decreased with 

obesity is also recovered by probiotic supplementation 

(8). Thus, obesity induced IR and glucose intolerance 

which causes T2D is alleviated by probiotic 

supplementation.  
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Fig. 1: Effects of probiotic supplementation on gut microbiota and intestinal barrier integrity. Increased 

expression of TJ proteins Zo-1 and Occludin, reduced translocation of LPS ameliorating metabolic 

endotoxiaemia and insulin resistance. Increased GLP-1 and decreased release of leptin affects hypothalamus 

causing deceased food intake. Probiotics also prevent gut dysbiosis and decrease Firmicutes to Bacteroidete 

ratio. In muscle cells, inflammation and lipid accumulation is reduced. 

 

CONCLUSION 
 

Our data summarized (Fig. 1) that probiotic 

supplementation could manipulate the gut microbiota, 

reduce intestinal permeability and inflammation, leads 

to ameliorate IR and obesity associated diabetes in 

animal models. These findings warrant long term 

randomized clinical trials in human subjects.  Despite 

the amplitude of this review, there were some 

limitations like the heterogeneity of the study samples, 

variation of concentration, dose and duration of 

probiotics used. However, probiotic supplementation 

in combination with lifestyle modification tends to 

treat and prevent metabolic disorders, which requires 

further investigation. 
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