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The effect of physical exercise on blood glucose levels in
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ABSTRACT

Diabetes Mellitus (DM) is a chronic metabolic disease characterized by hyperglycemia. This study aimed to analyze the effect of
physical exercise on blood glucose levels in patients with Type 2 DM at the Medan Johor Public Health Center. This analytical
observational study utilized a case-control design and involved 34 respondents, divided into a case group (with uncontrolled
blood glucose levels) and a control group (with controlled blood glucose levels). Data on physical activity, including frequency,
duration, and intensity of exercise, were obtained through interviews using the GPAQ questionnaire, while blood glucose level
data were sourced from medical records. The results showed a significant relationship between physical activity (p=0.028),
frequency of physical exercise (p=0.006), duration of physical exercise (p=0.015), and intensity of physical exercise (p=0.034)
with blood glucose levels. Physical exercise performed at least three times a week, for a minimum duration of 30 minutes per
session, and at an appropriate intensity proved effective in controlling blood glucose levels in patients with Type 2 DM. This
study emphasizes the importance of incorporating physical exercise into the management plan for Type 2 DM.
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Introduction

Type 2 diabetes mellitus (T2DM) is a chronic metabolic disease characterized by hyperglycemia
resulting from insulin resistance and relative insulin deficiency. This disease has become a global health
problem with an increasing prevalence, particularly in developing countries.? The main risk factors for
T2DM include a sedentary lifestyle and unhealthy dietary patterns.® Prolonged hyperglycemia can lead to
various microvascular and macrovascular complications, such as retinopathy, nephropathy, neuropathy,
heart disease, and stroke, which significantly impact the quality of life and life expectancy of patients.**

Diabetes mellitus (DM) represents an escalating global health concern. The worldwide prevalence of
DM was estimated at 8.3% in 2017, with projections indicating a rise to 7079 cases per 100,000 by 2030."8
In 2019, approximately 463 million individuals were affected globally, with Type 2 diabetes accounting for
the majority of cases.® The disease burden is increasing rapidly, particularly in developed regions like
Western Europe, and there are concerning trends in lower-income countries.? In Indonesia, the prevalence of
Diabetes Mellitus (DM) has shown a significant upward trend over the years. As of 2020, the prevalence was
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estimated at 9.19%, equating to approximately 18.69 million cases. By 2045, this figure is projected to rise
to 16.09%, which would mean about 40.7 million cases if no significant interventions are implemented.' In
2019, North Sumatra reported a total of 249,519 cases of diabetes mellitus, yet only 144,521 patients
accessed healthcare services. By 2022, Medan City emerged as the region with the highest prevalence of
type 2 diabetes mellitus in North Sumatra, recording 40,609 cases.

Optimal management of blood glucose levels is crucial for preventing and controlling complications
associated with type 2 diabetes mellitus (T2DM). Various strategies have been developed to achieve
glycemic targets, including pharmacological therapy, dietary modifications, and physical exercise.'? Physical
exercise, a key component of T2DM management, has been shown to enhance insulin sensitivity, lower
blood glucose levels, and improve lipid profiles. Therefore, incorporating physical exercise into T2DM
management programs is strongly recommended.®® Various types of physical exercise, including aerobic
exercise, resistance training, and combined exercise, have been shown to provide benefits for glycemic
control. Aerobic exercises, such as walking, cycling, and swimming, can improve insulin sensitivity and
lower blood glucose levels by increasing glucose uptake by muscles.'**® Resistance training, such as
weightlifting, increases muscle mass and strength, which also contributes to improved insulin sensitivity and
glycemic control .

This study aims to conduct a quantitative analysis of the effect of physical exercise on blood glucose
levels, HbAlc, and blood glucose variability in patients with type 2 diabetes mellitus. The hypothesis of this
study posits that regular physical exercise significantly reduces blood glucose levels in patients with T2DM.
This research is expected to provide robust scientific evidence supporting the benefits of physical exercise
in managing T2DM, and it aims to offer practical guidance for healthcare professionals in designing effective
physical exercise programs tailored for individuals with T2DM.

Method

This study utilized an observational analytical design, specifically a cross sectional approach. The
research was conducted at the Medan Johor Public Health Center in Medan City, North Sumatra, located at
JI. Karya Jaya No. 29B, Pangkalan Masyhur, Medan Johor District, and spanned from November 2021 to
July 2022. Inclusion criteria required participants to exhibit both good dietary habits and adherence to
medication. Exclusion criteria included diabetic patients who were unable to stand or walk and pregnant
individuals. Using consecutive sampling, the study recruited 34 participants from the population that met the
inclusion and exclusion criteria.

Primary data were collected through structured interviews using the Global Physical Activity
Questionnaire (GPAQ), which assesses respondents' physical activity and exercise engagement. Physical
activity was defined as daily activities, measured using the GPAQ, with results expressed in Metabolic
Equivalent of Task (MET) values, representing the estimated energy expenditure during physical activities.
In addition to physical activity, the study also quantified the frequency, duration, and intensity of exercise.
Exercise frequency was defined as the number of exercise sessions per week, categorized: < 3 times/week
or > 3 times/week. Exercise duration referred to the total time spent per exercise session, classified: < 30
minutes or > 30 minutes. Exercise intensity, determined by the combination of frequency and duration, was
categorized: < 3 x 30 minutes or >3 x 30 minutes. The dependent variable, blood glucose level, was measured
as the random glucose concentration in capillary blood using a Benecheck glucometer, with results
categorized as controlled (99-199 mg/dL) or uncontrolled (> 200 mg/dL).

Univariate analysis was conducted to describe respondent characteristics, including age, gender, and
type of physical activity, and to outline the distribution of each independent and dependent variable.
Independent variables included physical activity, exercise frequency, exercise duration, and exercise
intensity. The dependent variable was blood glucose level in individuals with Type 2 Diabetes Mellitus.
Bivariate analysis was employed to examine the relationship between independent and dependent variables,
specifically to determine the association between physical activity, exercise frequency, exercise duration,
and exercise intensity with mean blood glucose levels in T2DM patients. Chi-square tests were employed to
determine the statistical significance of these relationships (p < 0.05).

Results

Table 1 presents the characteristics of the 34 patients included in the study. The data encompass the
distribution of age, gender, type of physical activity, level of physical activity, frequency, duration, and
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intensity of physical exercise. The majority of patients were in the 50-60 year age range, with 15 individuals
representing 44.1% of the total sample. Eleven patients (32.4%) were over 60 years old, while 8 patients
(23.5%) were between 40 and 50 years old. This indicates that the study involved a population primarily
composed of middle-aged and elderly adults.

Table |. Patient characteristics (n= 34)

Characteristic n %
Age
40-50 years 8 23,5
50-60 years 15 44,1
> 60 years Il 324
Gender
Male 18 52,9
Female 16 47,1
Type of physical exercise
Gymnastics 4 11,8
Jogging 20 58,8
Running 2 5,9
None 8 23,5

The gender distribution was nearly balanced, with 18 male patients (52.9%) and 16 female patients
(47.1%). This suggests that the sample is reasonably representative of both genders. Jogging was the most
common type of physical activity among the patients, with 20 individuals (58.8%) choosing this option.
Gymnastics was selected by 4 individuals (11.8%), and running was chosen by 2 individuals (5.9%).
Interestingly, 8 patients (23.5%) did not engage in any physical activity.

Table 2 presents an analysis of the association between physical activity and blood glucose control,
categorized by total physical activity (METS), frequency, duration, and exercise intensity. Patients with
physical activity levels below 600 METs exhibited a high proportion of uncontrolled blood glucose (88.2%,
n=15/17), compared to only 47.1% (n=8/17) in those with controlled levels. Conversely, patients with
physical activity levels between 600 and 3000 METs demonstrated a low proportion of uncontrolled blood
glucose (11.8%, n=2/17) and a high proportion of controlled blood glucose (52.9%, n=9/17). This difference
was statistically significant (p=0.028), with a relative risk (RR) of 3.587 (95% CI: 0.989-13.013), indicating
a 3.587-fold increased risk of uncontrolled blood glucose in patients with METs <600. However,
interpretation warrants caution due to the lower confidence interval limit approaching 1.

Patients exercising fewer than three times per week had a high proportion of uncontrolled blood
glucose (82.4%, n=14/17) compared to those with controlled levels (29.4%, n=5/17). In contrast, patients
exercising three or more times per week showed a low proportion of uncontrolled blood glucose (17.6%,
n=3/17) and a high proportion of controlled blood glucose (70.6%, n=12/17). This difference was highly
significant (p=0.006), with an RR of 3.684 (95% CI: 1.293-10.499), indicating a 3.684-fold increased risk of
uncontrolled blood glucose in patients exercising fewer than three times per week.

Table 2. Association of physical activity with blood glucose control
Blood glucose levels

Variable Uncontrolled Controlled p RR 95%Cl
n % n %

Physical activity 3587
MET < 600 15 88,2 8 47,1 0,028 © 989’-I3 013)
600 < MET < 3000 2 1,8 9 52,9 ’ ’

Physical activity frequency 3684
< 3 times/week 14 82,4 5 29,4 0,006 (I 293’_|0 499)
2 3 times/week 3 17,6 12 70,6 ’ ’

Duration of physical exercise 2619
< 30 minutes per session I 64,7 3 17,6 0,015 (I 27'| 5,398)
2 30 minutes per session 6 35,3 14 82,4 ’ ’

Physical exercise intensity 2889
< 3 x 30 minutes per week 14 82,4 7 41,2 0,034 (I 02;1-8 153)
= 3 x 30 minutes per week 3 17,6 10 58,8 ’ ’

Patients with exercise durations of less than 30 minutes per session had a high proportion of
uncontrolled blood glucose (64.7%, n=11/17) compared to those with controlled levels (17.6%, n=3/17).
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Conversely, patients with exercise durations of 30 minutes or more per session showed a low proportion of
uncontrolled blood glucose (35.3%, n=6/17) and a high proportion of controlled blood glucose (82.4%,
n=14/17). This difference was significant (p=0.015), with an RR of 2.619 (95% CI: 1.271-5.398), indicating
a 2.619-fold increased risk of uncontrolled blood glucose in patients whose exercise duration was less than
30 minutes per session.

Patients engaging in exercise at an intensity of fewer than three times for 30 minutes per week had a
high proportion of uncontrolled blood glucose (82.4%, n=14/17) compared to those with controlled levels
(41.2%, n=7/17). In contrast, patients exercising at an intensity of three or more times for 30 minutes per
week showed a low proportion of uncontrolled blood glucose (17.6%, n=3/17) and a high proportion of
controlled blood glucose (58.8%, n=10/17). This difference was significant (p=0.034), with an RR of 2.889
(95% CI: 1.024-8.153), indicating a 2.889-fold increased risk of uncontrolled blood glucose in patients
engaging in exercise at an intensity of fewer than three times for 30 minutes per week.

Overall, the analysis demonstrates that higher physical activity levels (METs), more frequent exercise,
longer durations, and greater intensity are significantly associated with better blood glucose control. These
findings underscore the importance of regular physical activity in diabetes management.

Discussion

The study's finding that patients with physical activity levels below 600 METSs have a significantly
higher proportion of uncontrolled blood glucose (88.2%) aligns with previous research indicating that regular
physical activity is crucial for glycemic control. A systematic review highlighted that aerobic and resistance
exercises can effectively reduce blood glucose levels and improve HbAlc in individuals with type 2 diabetes
(T2DM).Y" Similarly, a meta-analysis found that physically active diabetes patients had controlled blood
glucose levels 2.4 times more often than their inactive counterparts.’® These studies support the notion that
increased physical activity is essential for managing diabetes effectively. Moreover, the significant difference
in blood glucose control based on exercise frequency—where exercising fewer than three times per week
resulted in an 82.4% rate of uncontrolled blood glucose—echoes findings from the American Diabetes
Association, which emphasizes the importance of regular exercise (150-300 minutes of moderate-intensity)
for optimal glycemic control.?® The current study's results reinforce these guidelines, suggesting that
increasing exercise frequency can substantially reduce the risk of uncontrolled blood glucose.

The analysis also revealed that patients who exercised for less than 30 minutes per session exhibited
a high proportion of uncontrolled blood glucose (64.7%). This observation is consistent with literature
indicating that longer durations of exercise enhance insulin sensitivity and glycemic control.?° Studies
suggest that regular moderate-intensity exercise can maintain increased insulin sensitivity for up to 48 hours
post-exercise, highlighting the importance of both duration and consistency in physical activity.?*?? Lastly,
the impact of exercise intensity on glycemic control is supported by evidence showing that higher intensity
workouts can lead to significant improvements in insulin sensitivity and overall metabolic health in T2DM
patients.'*?° The current study’s finding that patients engaging in intense exercise (>3 times for 30 minutes)
had a significantly lower rate of uncontrolled blood glucose further corroborates this.

The implications of these findings are profound for diabetes management strategies. They suggest that
healthcare providers should prioritize physical activity as a fundamental component of diabetes care.
Tailoring exercise recommendations to individual patient capabilities and preferences may enhance
adherence to physical activity regimens. Given the strong association between increased physical activity
and improved glycemic control, interventions aimed at promoting regular exercise should be implemented.
This may include structured exercise programs, community support initiatives, or personalized fitness plans
designed to meet the specific needs of patients with varying levels of fithess and motivation. Furthermore,
education on the benefits of both aerobic and resistance training should be emphasized in clinical settings.
Patients should be informed not only about the quantity but also the quality and type of exercise necessary
for optimal blood glucose management. In conclusion, this study adds to the growing body of evidence
supporting the critical role of physical activity in managing diabetes. By fostering an environment that
encourages regular exercise, healthcare providers can significantly improve patient outcomes related to blood
glucose control.

Conclusion
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This study examined the relationship between physical activity and blood glucose control in 34
patients, predominantly aged between 50 and 60 years, with a near-balanced gender distribution. The
findings demonstrate that physical activity significantly impacts blood glucose control. Patients with low
levels of physical activity, defined as below 600 METS, tended to exhibit uncontrolled blood glucose levels.
Furthermore, exercise frequencies of less than three times per week, exercise durations under 30 minutes per
session, and inadequate exercise intensity also correlated with poor blood glucose control. Conversely,
patients who were physically active—those with activity levels exceeding 600 METSs, exercising at least
three times per week for a minimum of 30 minutes per session, and maintaining sufficient exercise
intensity—demonstrated better blood glucose control. These findings underscore the importance of regular
and adequate physical activity in diabetes management. Regular physical activity, characterized by
appropriate duration and intensity, proves effective in improving blood glucose control. Therefore,
healthcare providers should prioritize tailored physical activity recommendations for each patient while
educating them on the benefits of physical activity in diabetes management.
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