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Abstract. The ideal management of Type 2 Diabetes Mellitus should
evolve from mere glucose-lowering strategies to a more
comprehensive framework encompassing personalized medicine,
technological integration, and systemic organ protection. A
significant number of patients with Diabetes Mellitus (DM) continue
to suffer from mortality and serious complications despite being on
pharmacological therapy. Although trillions of dollars are spent
annually on its management, diabetes remains a leading cause of
mortality, claiming millions of lives each year across the globe.
Probiotics have been proposed as an adjunctive therapy due to their
role in modulating gut microbiota and glucose metabolism. This
study aimed to analyze the effect of probiotic supplementation on
Fasting Blood Sugar (FBS) levels in T2DM patients receiving
metformin monotherapy. This experimental study involved 32
respondents, divided into probiotic intervention and placebo groups.
FBS levels were measured pre- and post-intervention. Statistical
analysis using the Paired T-Test showed a significant reduction in
FBS levels (p=0.019). Conclusion: Probiotic supplementation
significantly reduced FBS levels in T2DM patients on metformin
monotherapy. However, this reduction was not clinically significant,
as the final FBS levels did not differ significantly between the
probiotic and placebo groups.
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1. Introduction

Type 2 Diabetes Mellitus (T2DM) is a chronic metabolic disease characterized by hyperglycemia
resulting from impaired insulin secretion, impaired insulin action, or both [1].According to the
International Diabetes Federation (IDF) 2024, the number of people with T2DM is estimated to be
589 million and is projected to increase to 853 million by 2050 [2]. This global epidemiological data
highlights that T2DM has become a very serious health problem worldwide.

At the provincial level of West Nusa Tenggara (NTB), the NTB Provincial Health Office recorded
a total of 64.544 T2DM patients by the end of 2023. Bima City itself had 3.609 T2DM cases at the
end of 2023, of which 2.477 patients received health services according to standard protocols. This
makes Bima City one of the areas with a significantly high incidence of T2DM in the province [3].

The problem with T2DM is not only limited to its high prevalence but also the treatment burden,
which results in a high economic burden on the community. The Indonesian Society of Endocrinology
(PERKENTI) currently mandates T2DM treatment protocol using Oral Hypoglycemic Agents (OHAS)
as the primary step and main therapy. However, the effectiveness of OHA is not the only factor which
determine therapy goal. Numerous other factors hinder the achievement of therapeutic goals. These
include patient concerns regarding potential adverse effects on the liver and kidneys. Other barriers to
effective treatment encompass poor medication adherence, limited accessibility to healthcare facilities,
inequitable drug distribution, and insufficient psychosocial support for patients with type 2 diabetes
mellitus [4-5].

Poorly controlled T2DM leads to the emergence of various microvascular and macrovascular
complications, increasing the economic and productivity burden on T2DM patients [6]. One proposed
effort to enhance the effectiveness of OHAs is the use of adjunctive therapy, such as probiotics. Studies
have reported that gut microbiota plays a role in glucose metabolism and insulin resistance [7-9].

The Food and Agriculture Organization (FAQ) defines probiotics as live microorganisms that,

when administered in adequate amounts, confer a health benefit on the host [10-11]. Probiotics are
supplements that can modulate the composition of the gut microbiota, particularly beneficial bacteria,
with the potential to support T2DM management by increasing insulin sensitivity and reducing
systemic inflammation frequently observed in T2DM patients. Several studies have shown that
probiotic consumption can yield positive results in blood sugar control [12-13].
While the potential of probiotics in improving glycemic profiles has been extensively discussed
globally, clinical research and its implementation in Indonesia remain markedly limited. Most
Indonesian studies on probiotics have primarily focused on their correlation with gastrointestinal
disorders, such as diarrhea or inflammatory bowel disease (IBD) [14-15]. Consequently, current
literature is predominantly shaped by international studies with demographic characteristics and
dietary patterns that differ significantly from the local population, particularly in Bima, West Nusa
Tenggara. Therefore, this study aims to evaluate the effect of probiotic administration on Fasting
Blood Sugar (FBS) levels in T2DM patients in Bima City, West Nusa Tenggara (NTB) Province.

2. Experimental Section

The study employed an experimental design utilizing a single-blinded randomization process. The
research was conducted in December 2024. This study was approved by the Health Research Ethics
Committee of the Faculty of Medicine and Health, Universitas Muhammadiyah Jakarta. The target
population consisted of all Type 2 Diabetes Mellitus (T2DM) patients undergoing metformin
monotherapy at the Jatibaru Primary Health Center (Puskesmas) in Bima, West Nusa Tenggara
(NTB).

A total of 32 respondents were included based on the sample size calculation using the Frederer
formula. Participants were divided into two groups: the intervention group and the control group.The
inclusion criteria for participation were [16-17] subjects diagnosed with T2DM, subjects currently
receiving metformin monotherapy, subjects willing to undergo Fasting Blood Sugar (FBS) level
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checks, subjects free from T2DM complications (macrovascular or microvascular), and subjects who
consented in writing, were willing to participate, and agreed to complete the entire study protocol.
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treatment
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Figure 1. Flowchart of Résearch

The researcher provided the probiotic product to the intervention group, specifically using the L-
Bio Cap brand. The dosage administered was 1 capsule per day (1x1 daily), with each capsule
containing 440 mg. The L-Bio Cap probiotic product has a concentration of 1x10° Colony-Forming
Units (CFU)/gram and contains the following strains: Lactobacillus acidophilus W55, Lactobacillus Casei
W56, Lactobacillus Salivarius W57, Lactobacillus Lactis W52, and Lactobacillus Lactis W58, along with
Maltodextrin and Rice Starch as excipients [18-20].

The researchers also provided a placebo product to the control group. The placebo was
administered at a dosage of 1 capsule per day (1x1 daily) for a period of two weeks, with each capsule
containing 440 mg. To maintain blinding, both the probiotic and placebo products were repackaged
into identical containers [21].

3. Results and Discussion

The majority of the study subjects were concentrated in the age group ranging from late adulthood to
pre-elderly (28.1%). Most participants had been living with T2DM for a duration of 1 to 5 years
(71.9%). The most prevalent occupation among the respondents was private employees or traders
(38.7%). Although more than half of the respondents presented with a normal nutritional status (or
normal Body Mass Index/BMI), the proportion of subjects classified as obese remained considerably
high, reaching 34.38%.

The Relationship Between Probiotic Intake and Glycemic Profiles Among
Metformin-Treated Type 2 Diabetes Patients



Rahma Ayu Larasati, et al. 96

Table. 1 Characteristics of Participants

Characteristics N %
Gender Male 4 12.5
Female 28 87.5
Usia Adult(35-44 10 312
) Iderly (
Pre-elderly (45-
54 yo) 9 28.1
Elderly (55-64 9 8.1
yo.)
Oldest old (>65 4 125
yo. tahun)
Job Unemployed 11 35.5
Courier 2 6.5
Trader 12 38.7
Civil Servant 6 194
Duration of <1 Tahun
TODM 5 15.6
1-5 Tahun 23 71.9
5-10 Tahun 4 12.5
BMI Normal 17 53.1
Overweight 4 12.5
Obesitas I 8 25
Obesitas II 3 9.38

The results of the inter-group analysis showed that the average fasting blood glucose levels after the
intervention were lower in all groups (Table 2).

Table 2. Fasting Blood Sugar Levels in Two Groups

Mean *+ SD
Parameter Placebo Probiotics
Before After Before After
FBS (mg/dL) 179.1 £303 171.9+26.5 184%+29.8 174.6%26.7

The Shapiro-Wilk test indicated that the data were normally distributed in the experimental group
(both pre- and post-treatment) and in the control group at baseline (p= 0.960; 0.730; 0.290). In the
control group post-treatment, the normality test yielded a p-value of 0.010, indicating that the data
were not normally distributed. The results of the inter-group analysis showed that FBS levels after the
intervention were not significantly different between the probiotic and placebo groups. The statistical
analysis of fasting blood glucose levels indicates no significant difference across the observed periods.
The p-values for both 'before' (0.650) and 'after' (0.777) are well above the standard significance
threshold of 0.05.

Using Paired T- test analysis The study evaluate the effectiveness of an intervention, treatment,
or program by comparing the mean scores of the same group under two different conditions or at two
different time points. The Sig. (2-tailed) value is 0.019 < 0.05. Therefore, it can be concluded that there
is a significant decrease in GDP levels before and after probiotic administration. Despite the observed
differences between groups, the L-Bio intervention exhibited a low effect magnitude, falling into the
small effect size category (cohen’s d = 0.3).
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This study demonstrated that probiotic supplementation significantly reduced Fasting Blood
Glucose levels in Type 2 Diabetes Mellitus patients undergoing Metformin monotherapy over a two-
week period. These findings suggest that probiotics can be a beneficial adjunctive therapy for
enhancing glycemic control in this specific patient population, warranting further investigation with
larger sample sizes and longer intervention durations.

Based on the results, a significant reduction in Fasting Blood Sugar (FBS) levels was observed in
the probiotic group when comparing pre- and post-intervention measurements. Although the effect
size was relatively small (Cohen’s d= 0.3), the reduction in blood glucose achieved within only 2
weeks at the minimum dosage should be viewed positively (AFBS = 9.4 mg/dl). Future studies are
expected to extend the intervention duration and increase the sample size to further evaluate the full
extent of probiotic effectiveness in patients with Type 2 Diabetes Mellitus.

Previous studies have reported that gut microbiota plays a pivotal role in glucose metabolism and
insulin resistance. Probiotics function by fermenting carbohydrates to produce metabolites such as
short-chain fatty acids (SCFAs) and antibacterial bacteriocins, which assist in modulating the immune
response. SCFAs, the primary byproducts of non-digestible carbohydrate fermentation in the colon,
are highly dependent on the gut microbiota composition. These fatty acids regulate inflammatory
responses and stimulate cytokine production essential for maintaining and repairing epithelial
integrity [12],[22-23].

SCFAs modulate inflammatory pathways through the activation of G-protein-coupled receptors
(GPCRs), specifically FFAR2 and FFAR3. The activation of these receptors enhances the production
of Interleukin-10 (IL-10), an anti-inflammatory cytokine that suppresses systemic inflammation.
Furthermore, SCFAs inhibit histone deacetylase (HDAC) activity, which regulates the expression of
inflammatory genes. HDAC inhibition attenuates the activation of the Nuclear Factor-kappa B (NF-
kB) pathway, a key transcription factor that induces pro-inflammatory gene expression, including
Tumor Necrosis Factor-alpha (TNF-a), Interleukin-1 (IL-1p), and inducible Nitric Oxide Synthase
(INOS) [22],[24-25].

Probiotics are known to enhance insulin sensitivity and reduce insulin resistance, both of which
are critical factors in the management and control of Type 2 Diabetes Mellitus (T2DM). The
underlying mechanism involves the stimulation of short-chain fatty acid (SCFA) production, which
subsequently promotes the growth of beneficial gut microbiota. Within the intestinal lumen, SCFAs
trigger the release of Glucagon-Like Peptide-1 (GLP-1), an incretin hormone that augments insulin
secretion and inhibits glucagon release, thereby maintaining glycemic stability. Furthermore, SCFAs
stimulate the secretion of Peptide YY (PYY), which acts on the appetite control centers in the brain
to induce satiety and regulate caloric intake, ultimately contributing to the modulation of blood
glucose levels [26-27].

Numerous studies have demonstrated the potential of probiotics in glycemic control. One study
reported that the administration of probiotic preparations containing Lactobacillus casei Shirota for four
weeks maintained glycemic control and fasting insulin levels (28). Another trial involving the
administration of two probiotic strains, Lactobacillus reuteri ADR-1 and ADR-3, to T2DM patients
yielded significant improvements in glycemic control and blood pressure. Furthermore, a study
involving patients with metabolic syndrome found that the consumption of yogurt fortified with
Lactobacillus acidophilus L.a5 and Bifidobacterium lactis Bb12 for two months resulted in a significant
reduction in blood glucose levels and favorable changes in insulin resistance, as measured by HOMA -
IR [29-30].

In our study, the analysis of fasting blood glucose levels between the placebo and probiotic groups
showed no statistically significant difference in reduction. This outcome may be attributed to several
limitations inherent in our study. Firstly, the duration of the intervention administration significantly
influences the final research results. The intervention period in this study was 14 working days; thus,
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the results are short-term, which may be insufficient to demonstrate the expected effects, especially in
the treatment of chronic diseases.

Furthermore, we did not take into account the duration of medication adherence and the severity of
the disease. Research subjects demonstrating strict medication adherence would naturally exhibit
better-controlled blood glucose levels. Moreover, several confounding factors were not assessed in this
study, including stress levels, dietary habit, physical activity and smoking habits. These factors could
potentially influence the efficacy of the probiotic mechanism in the gut.

4. Conclusion

The analysis revealed a statistically significant reduction in fasting blood Sugar (FBS) levels within the
intervention group following probiotic administration. However, despite this intra-group
improvement, the findings were not clinically significant. This lack of clinical relevance is attributed
to the fact that post-intervention FBS levels did not differ significantly when compared to the placebo
group (p > 0.05).
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