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ABSTRACT

Diabetes Mellitus (DM) is a chronic condition characterized by elevated blood glucose levels due to defects in
insulin secretion or action. Type 2 Diabetes Mellitus (T2DM) is the most prevalent form, contributing to
complications such as cardiovascular diseases, neuropathy, and retinopathy. Managing T2DM often involves
lifestyle changes, including physical activity and dietary adjustments. Probiotic milk, containing beneficial
microorganisms, has been studied for its potential to improve glycemic control in diabetic patients. However,
while exercise and probiotics have been researched separately, their combined impact on blood glucose
management remains underexplored. This study aimed to assess the effects of regular exercise and probiotic
milk consumption on blood glucose levels in T2DM patients. Specifically, it sought to examine blood glucose
changes before and after exercise, and after consuming probiotic milk. A quasi-experimental design with a one-
group pre-test post-test approach was used. Fifty participants with T2DM were recruited using purposive
sampling from the SP6 Sari Bungamas Community Health Center, Lahat Regency, Indonesia. Participants
engaged in light physical activity three times a week for three months. After each session, they consumed
probiotic milk, and their blood glucose levels were measured pre-exercise, post-exercise, and two hours after
consumption. Paired t-tests were used to analyze the data. Regular exercise significantly lowered blood glucose
levels (p-value = 0.016). However, probiotic milk consumption did not show a statistically significant effect on
blood glucose levels (p-value = 0.55). Regular exercise significantly reduces blood glucose levels in T2DM
patients. However, the effect of probiotic milk on blood glucose levels was inconsistent, warranting further
research to determine its potential benefits.
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INTRODUCTION

Diabetes Mellitus (DM) is a chronic metabolic disorder characterized by persistent
hyperglycemia due to defects in insulin secretion, insulin action, or both, leading to impaired
metabolism of carbohydrates, lipids, and proteins (World Health Organization, 2021). The
primary types of diabetes include Type 1 Diabetes Mellitus (T1DM), Type 2 Diabetes
Mellitus (T2DM), and Gestational Diabetes Mellitus (GDM). T1DM is an autoimmune
condition resulting in the destruction of pancreatic beta cells, leading to an absolute insulin
deficiency (Karabagli, 2023). T2DM, the most prevalent form, accounting for over 85% of
cases, is characterized by insulin resistance and an inadequate compensatory insulin secretory
response (Patil et al., 2023). GDM occurs during pregnancy and increases the risk of
developing T2DM later in life (Karabagli, 2023). The etiology of diabetes is multifactorial,
involving genetic predisposition and environmental factors such as obesity, sedentary
lifestyle, and dietary habits (Yilmaz, 2023).
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The prevalence of diabetes is increasing globally, with estimates indicating that the number of
individuals affected will rise from 382 million in 2013 to 592 million by 2035 (Patil et al.,
2023). T2DM is particularly prevalent, affecting approximately 4% of the world's adult
population, with higher rates in Europe and the USA (Sudagani & Hitman, 2013). The
condition is a significant public health concern due to its association with microvascular
complications like retinopathy, nephropathy, and neuropathy, as well as macrovascular
complications such as ischemic heart disease and stroke (Patil et al., 2023).

Regular exercise and probiotic milk consumption have been explored as complementary
strategies for managing diabetes mellitus, particularly type 2 diabetes (T2DM). Probiotics,
which are live microorganisms that confer health benefits to the host, have shown potential in
improving glycemic control and other metabolic parameters in diabetic patients. Several
studies have demonstrated that probiotic supplementation can significantly reduce fasting
blood glucose (FBG), glycated hemoglobin (HbAZ1c), and insulin levels, indicating improved
glycemic control in T2DM patients (Ostadrahimi et al., 2015;Feng et al., 2023;Wang et al.,
2017).

For instance, a randomized clinical trial found that probiotic fermented milk consumption led
to a significant reduction in HbAlc and FBG levels compared to a control group, suggesting
its utility as an adjuvant therapy in diabetes management (Ostadrahimi et al., 2015).
Additionally, probiotics have been associated with improved insulin sensitivity and a
favorable impact on gut microbiota, which plays a crucial role in metabolic health (Kesika et
al., 2019;Sreepathi et al., 2022). The modulation of gut microbiota by probiotics can enhance
the production of short-chain fatty acids and bile acids, which are beneficial for glucose
homeostasis (Chen et al., 2023).

However, the effectiveness of probiotics can vary based on factors such as the type of
probiotic strains used and the baseline characteristics of the patients, such as body mass index
and ethnicity (Feng et al., 2023;Baroni et al., 2024). Despite some studies reporting no
significant effects on glycemic control, the overall evidence supports the potential of
probiotics as a complementary approach in diabetes management, although further high-
quality trials are needed to confirm these findings and optimize treatment protocols (Peng et
al., 2024; Namazi et al., 2021).

Although the benefits of each have been found in separate studies, there is limited research
exploring the combined effects of regular exercise and probiotic milk consumption on blood
glucose management in diabetes patients. Therefore, this study aims to explore "The Effect of
Regular Exercise and Probiotic Milk Consumption on Blood Glucose Levels in Diabetes
Mellitus Patients" to understand whether the combination of these two interventions can
provide greater benefits in controlling blood glucose levels and improving the quality of life
in diabetes patients.

METHOD

The study aims to examine the effect of regular exercise and probiotic milk consumption on
blood glucose levels in patients with diabetes mellitus. The results will help assess the
potential benefits of combining these interventions for blood glucose control. This research
employs a quasi-experimental design with a one-group pre-test post-test approach. The study
involves a sample of patients diagnosed with type 2 diabetes mellitus (T2DM) who are stable
and able to participate in light physical activity. Participants will engage in a 10-minute
session of either light jogging or walking. Blood glucose levels will be measured before and
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immediately after the exercise. Afterward, participants will consume probiotic milk, and their
blood glucose levels will be measured again two hours later to assess the effect of probiotic
milk on glucose regulation.

The quantitative component of the study focuses on blood glucose measurements taken at
three time points: pre-exercise, post-exercise, and post-probiotic milk consumption. Data was
analyzed by paired t-tests. Descriptive statistics will be used to summarize the participants'
characteristics, and statistical significance will be set at an alpha level of 0.05. The results of
this study aim to evaluate the effects of regular exercise and probiotic milk consumption on
blood glucose levels in patients with Type 2 Diabetes Mellitus. The target population for this
study comprises individuals with Type 2 Diabetes Mellitus. Participants will be recruited
using purposive sampling, based on inclusion criteria such as age, stable diabetes condition,
and ability to perform light physical activity. Data will be collected from 50 participants, with
the sample size determined based on preliminary considerations of the study's objectives and
feasibility.

The study will take place at the SP6 Sari Bungamas Community Health Center in Lahat
Regency, Indonesia, in 2024. The intervention will be conducted over 6 sessions, during
which participants will perform light physical activity followed by the consumption of
probiotic milk. Blood glucose levels will be measured at three time points: pre-exercise, post-
exercise, and two hours after probiotic milk consumption. Data analysis will involve paired t-
tests to compare blood glucose levels before and afterthe intervention, identifying significant
changes within the group. Statistical analysis will also examine the combined effects of light
physical activity and probiotic milk consumption. Results will be considered significant at a
p-value < 0.05. All analyses will be conducted using statistical software such as SPSS.
Inclusion Criteria: Participants must be diagnosed with Type 2 Diabetes Mellitus (T2DM) and
aged between 40 and 60 years. They should be able to perform light physical activity, such as
walking or jogging for 10 minutes, and have a stable diabetes condition, with no severe
hyperglycemia or hypoglycemia. Participants must be willing to consume probiotic milk,
follow the study protocol, and provide informed consent.

Exclusion Criteria: Individuals diagnosed with Type 1 Diabetes Mellitus (T1DM), severe
comorbidities (e.g., severe cardiovascular disease or renal failure), or those who are pregnant
or breastfeeding will be excluded. Participants with recent surgery or hospitalization within
the past 3 months, non-diabetic conditions affecting glucose metabolism (such as thyroid
disorders or liver disease), or allergies to probiotic milk ingredients will also be excluded.
Additionally, individuals who are unable or unwilling to comply with study requirements will
be excluded. Informed consent was acquired from all respondents before participation.

RESULT

Table 1 presents the demographic and clinical characteristics of the 50 respondents with Type
2 Diabetes Mellitus (T2DM), including age distribution, gender, duration of diabetes, dietary
habits, probiotic milk consumption, and other relevant behaviors.

Table 1 summarizes the demographic and clinical characteristics of 50 respondents with Type
2 Diabetes Mellitus (T2DM). The majority are male (60%) and aged 46-50 years (40%).
Most participants (80%) reported following a diabetic diet, while 50% engaged in regular
physical activity more than three times per week. Probiotic milk consumption was occasional
for the majority (50%), and only 10% of respondents reported smoking. This data highlights
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key lifestyle factors relevant to analyzing the effects of exercise and probiotic milk
consumption on blood glucose levels.

Table 1.
Presents the demographic and clinical characteristics
Variable Category f %
Age 40-45 years 15 30
46-50 years 20 40
51-60 years 15 30
Gender Male 30 60
Female 20 40
Duration of Diabetes (Years) Less than 5 years 15 30
5-10 years 20 40
More than 10 years 15 30
Diet Program Following a diabetic diet 40 80
Not following a specific diet 10 20
Habit of Consuming Probiotic Milk Regularly (at least 3 times a week) 10 20
Occasionally (1-2 times a week) 25 50
Never or rarely 15 30
Other Relevant Habits Smoking 5 10
Physical activity (more than 3 times per week) 25 50
Physical activity (less than 3 times per week) 25 50

Table 2 presents the average blood glucose levels (GDS) measured at three time points for
The study involving 50 participants with Type 2 Diabetes Mellitus (T2DM) across six
intervention sessions showed that light exercise consistently reduced blood glucose levels,
with averages decreasing from 236.80-242.10 mg/dL before exercise to 221.50-227.80
mg/dL after 10 minutes of activity. However, the effects of probiotic milk on blood glucose
were inconsistent. Two hours after consumption, GDS increased slightly in Sessions 1, 2, 4,
and 5 (1.70-4.70 mg/dL) but decreased marginally in Sessions 3 and 6 (-0.80 and -0.40
mg/dL). These findings suggest that while exercise reliably lowers blood glucose levels, the
impact of probiotic milk varies, likely due to individual differences or other influencing
factors. Further research is needed to explore the combined effects of exercise and probiotic
milk on glucose regulation in T2DM patients
Table 2.
Average Blood Glucose Levels (GDS) Before Exercise, After Exercise, and 2 Hours After
Probiotic Milk Consumption

Session Average GDS Before Average GDS After Average GDS 2 Hours After Probiotic
Exercise (mg/dL) Exercise (mg/dL) Milk (mg/dL)
1 240.50 225.30 230.00
2 238.40 223.10 225.50
3 236.80 221.50 220.70
4 239.20 224.60 228.00
5 242.10 227.80 229.50
6 241.60 226.40 226.00
Table 3.
Correlation between exercise and probiotic milk consumption on blood glucose levels (GDS)
Comparison Mean Mean Range Range t- p-
(Before) (After) (Before) (After) Statistic ~ Value
Before Exercise vs After 240.25 224.93 236.80— 221.50- 5.58 0.016
Exercise 242.10 227.80
Before Exercise vs After 240.25 229.83 236.80— 220.70- 0.63 0.55
Probiotic Milk 242.10 230.00

*Paired T-Test
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The table presents the results of a paired t-test comparing blood glucose levels in two
scenarios: Before Exercise vs After Exercise and Before Exercise vs After Probiotic Milk. In
the first comparison, Before Exercise vs After Exercise, the average blood glucose level
before exercise was 240.25 mg/dL, while the average after exercise dropped to 224.93 mg/dL.
The range of blood glucose levels before exercise was between 236.80 and 242.10 mg/dL, and
after exercise, it ranged from 221.50 to 227.80 mg/dL. The t-statistic for this comparison was
5.58, and the p-value was 0.016, which indicates a statistically significant decrease in blood
glucose levels following exercise, as the p-value is less than 0.05. In the second comparison,
Before Exercise vs After Probiotic Milk, the average blood glucose level before consuming
probiotic milk was 240.25 mg/dL, while after consuming the milk, the average level slightly
decreased to 229.83 mg/dL. The range of blood glucose levels before probiotic milk
consumption was between 236.80 and 242.10 mg/dL, and after consumption, it ranged from
220.70 to 230.00 mg/dL. The t-statistic for this comparison was 0.63, with a p-value of 0.55.
This p-value indicates that the change in blood glucose levels after probiotic milk
consumption was not statistically significant, as the p-value is greater than 0.05.

DISCUSSION

The demographic and clinical characteristics of the 50 respondents with Type 2 Diabetes
Mellitus (T2DM) provide a foundation for analyzing the effects of regular exercise and
probiotic milk consumption on blood glucose levels. The majority of participants are male
(60%), with a significant portion aged between 46-50 years (40%) and having diabetes for 5-
10 years (40%). Most respondents adhere to a diabetic diet (80%), and half engage in regular
physical activity more than three times per week. Probiotic milk consumption varies, with
20% consuming it regularly, which is relevant given the potential benefits of probiotics in
managing T2DM.

Probiotics have been shown to improve glycemic control by reducing fasting blood glucose,
insulin resistance, and HbAlc levels, as evidenced by several studies that highlight the
positive effects of probiotics on these parameters in T2DM patients (Souza et al.,
2022;Tiderencel et al., 2020;Madempudi et al., 2019). The consumption of probiotics, such as
those found in probiotic milk, can modulate gut microbiota, which plays a crucial role in
glucose metabolism and insulin sensitivity(Kim, 2022;Spellman, 2022). Furthermore,
probiotics have been associated with improvements in cardiovascular risk factors, which are
often comorbid with T2DM, by reducing blood pressure and lipid levels (Hasanpour et al.,
2023). The integration of probiotics into the diet, alongside regular physical activity, could
potentially enhance the management of T2DM by improving metabolic outcomes and
reducing the risk of complications (Fadieienko & Kurinna, 2020;Kesika et al., 2019).
However, the effectiveness of probiotics can vary based on the strains used, dosage, and
duration of supplementation, indicating the need for personalized approaches in dietary
interventions for T2DM management (Sun et al., 2020;Madempudi et al., 2019). Overall, the
demographic data and lifestyle habits of the respondents suggest that incorporating regular
exercise and probiotic consumption could be beneficial strategies for improving blood glucose
control in this population.

The management of blood glucose levels in individuals with Type 2 Diabetes Mellitus
(T2DM) is a multifaceted challenge, as evidenced by the variability in responses to
interventions such as exercise and probiotic milk consumption. Exercise is a well-documented
non-pharmacological strategy that consistently reduces blood glucose levels, as demonstrated
by a study where 10 minutes of light exercise led to a decrease in blood glucose from an
average of 236.80 mg/dL to 242.10 mg/dL before exercise, to 221.50 mg/dL to 227.80 mg/dL
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after exercise. This aligns with broader findings that physical activity, including aerobic and
resistance training, significantly lowers fasting blood glucose and improves other health
parameters in T2DM patients (Ambelu & Teferi, 2023).

In contrast, the effects of probiotic milk on blood glucose levels appear inconsistent, with
some sessions showing slight increases and others showing decreases in glucose levels two
hours post-consumption. This inconsistency may be attributed to individual differences in
glucose metabolism, timing of intake, or other environmental factors (Okada et al., 2019). The
variability in response to probiotic milk highlights the complexity of managing T2DM, where
genetic and lifestyle factors interplay to affect glucose homeostasis (DeFronzo et al.,
2015;Azeez, 2024). Continuous glucose monitoring (CGM) systems have emerged as
valuable tools in tracking these variations, providing real-time data that can inform
personalized treatment strategies (Paglialunga et al., 2018).

Despite the challenges, integrating exercise with dietary interventions like probiotic milk
could potentially offer synergistic benefits, although further research is needed to elucidate
the mechanisms and optimize these combined interventions for better glycemic control in
T2DM patients (Labuschagne et al., 2017). Overall, the management of T2DM requires a
comprehensive approach that includes lifestyle modifications, pharmacological treatments,
and innovative monitoring technologies to effectively control blood glucose levels and
prevent complications (Machry et al., 2018). The comparison of blood glucose levels before
and after exercise and probiotic milk consumption highlights the differential impacts of these
interventions on glycemic control. The significant reduction in blood glucose levels following
exercise, as indicated by a t-statistic of 5.58 and a p-value of 0.016, aligns with findings from
various studies that emphasize the efficacy of physical activity in managing blood glucose
levels in diabetic and pre-diabetic individuals. Exercise has been shown to enhance insulin
sensitivity and improve glucose metabolism, which is consistent with the observed decrease
in blood glucose levels post-exercise in the study (Li et al., 2023).

On the other hand, the consumption of probiotic milk did not result in a statistically
significant change in blood glucose levels, as evidenced by a t-statistic of 0.63 and a p-value
of 0.55. This outcome is supported by mixed results from studies on probiotics, where some
trials have demonstrated significant improvements in glycemic control, while others have not
(Perraudeau et al., 2020). For instance, certain probiotic strains have been shown to improve
glucose metabolism and insulin sensitivity, potentially through mechanisms involving gut
microbiota modulation and anti-inflammatory effects (Yuying et al., 2023). However, the
efficacy of probiotics can vary significantly depending on the strains used and the study
design, as highlighted in meta-analyses and reviews (Kesika et al., 2019). The lack of
significant change in the study could be attributed to the specific probiotic formulation used
or the duration of the intervention, which may not have been sufficient to elicit a measurable
effect (Nuriannisa et al., 2020). Overall, while exercise consistently shows a positive impact
on blood glucose levels, the role of probiotics remains complex and warrants further
investigation to optimize their use in glycemic management (Kesika et al., 2019).

The results of this study suggest that regular exercise significantly reduces blood glucose
levels in individuals with Type 2 Diabetes Mellitus (T2DM), while the effects of probiotic
milk consumption on blood glucose levels appear to be inconsistent. Exercise consistently
leads to a decrease in blood glucose, supporting its role as an effective non-pharmacological
intervention for glycemic control in T2DM. The statistically significant reduction in blood
glucose after exercise, as evidenced by the t-test, highlights the beneficial effects of physical
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activity on insulin sensitivity and glucose metabolism. On the other hand, the consumption of
probiotic milk did not produce a statistically significant change in blood glucose levels,
indicating that the impact of probiotics on T2DM management may vary. While probiotics
have shown promise in improving glycemic control in some studies, the results of this study
suggest that further research is needed to determine the optimal probiotic strains, dosage, and
duration of supplementation for T2DM management.

CONCLUSION

In conclusion, regular exercise was shown to significantly reduce blood glucose levels in
individuals with Type 2 Diabetes Mellitus (T2DM), while probiotic milk consumption had
inconsistent effects. Exercise consistently improved glycemic control, supporting its role as
an effective intervention for T2DM. However, the impact of probiotics on blood glucose was
not statistically significant in this study, suggesting that their effectiveness may vary and
requires further investigation. Overall, regular exercise appears to be a reliable strategy for
managing blood glucose in T2DM patients, while the role of probiotics needs further research
to optimize their potential benefits.
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