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   ABSTRACT 
 
Background: Diabetes Mellitus is a major health problem worldwide, the number of sufferers is 
expected to increase rapidly every year. Handling to achieve controlled sugar levels requires the 
integration of drugs, diet and physical exercise. This study aimed to analyze the effect of physical 
exercise on reducing blood sugar levels in patients with type 2 diabetes mellitus. 
Subjects and Method: This study uses the PRISMA flowchart to perform the meta-analysis. The 
article review process took place between 2017 and 2022 with PICO as follows, Population: type-2 
diabetes mellitus sufferers. Intervention: physical exercise. Comparison: not doing physical 
exercise. Outcome: decrease in blood sugar levels, articles collected using databases such as 
PubMed, Google Scholar, and Science Direct. The articles obtained will be filtered using the stages 
according to the PRISMA flow diagram. The analysis was carried out using RevMan 5.3.  
Results: A total of 9 articles reviewed in the meta-analysis showed that physical exercise reduced 
blood sugar levels in type 2 diabetes mellitus patients with statistical significance (SMD= -0.44; 
95% CI= -0.84 to -0.05; p= 0.030). 
Conclusion: Physical exercise lowers blood sugar levels in people with type 2 diabetes mellitus.. 
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BACKGROUND 

Diabetes Mellitus is a major health problem 

that has reached an alarming level. Today, 

more than half a billion people live with 

diabetes worldwide. In 2000, the global 

estimate of the prevalence of diabetes in the 

20 to 79 year age group was 537 million 

(10.5%) of the global population at that 

time. It is estimated that 643 million people 

will suffer from diabetes in 2030 (11.3% of 

the population) and the number will jump 

to 783 million (12.2%) in 2045. In Indo-

nesia, the number of patients increased 

from 10.7 million in 2019 to 13.7 million in 

2030 (IDF, 2021; PERKENI, 2021). 

Diabetes mellitus is a condition of 

increased blood glucose levels because the 

body cannot produce the hormone insulin 

or cannot use insulin effectively. Symptoms 

that often appear are polyuria, polydipsia 

and weight loss. The diagnosis can be made 

on the basis of: random venous plasma 

glucose concentration of 11.1 mmol/l or 

asymptomatic by fasting plasma glucose 
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concentration of 7.0 mmol/l (whole blood 

6.1 mmol/l or HbA1c 6.5%) (IDF, 2021). 

Scientific and evidence-based mana-

gement of Diabetes Mellitus is applied to 

lower blood glucose levels including, 

through increasing physical activity and 

diet modification (Ogbu and Musco, 2021). 

Regular physical activity is considered as 

one of the cornerstones of lifestyle modifi-

cation in the prevention and management 

of Diabetes Mellitus (Fayehun et al., 2018; 

Heiskanen et al., 2018). Physical activity 

and exercise are effective means of risk 

factors for metabolic syndrome in type 2 

diabetes mellitus (Azarmehr et al., 2017; 

Eaglehouse et al., 2017). 

Based on the many cases of Diabetes 

Mellitus that exist in our society and the 

need to do physical exercise to reduce blood 

sugar levels in its management, researchers 

are interested in conducting a meta-

analysis on the Effect of Physical Exercise 

on Reducing Blood Sugar Levels in Type 2 

Diabetes Mellitus Patients. This study 

aimed to analyze the effect of physical 

exercise on reducing blood sugar levels in 

patients with type 2 Diabetes Mellitus, with 

a meta-analysis of previously conducted 

primary studies. 

 

SUBJECTS AND METHOD 

1. Study Design 

This research was conducted using a meta-

analysis research design with PRISMA flow 

chart guidelines. Article searches were 

performed using the following databases: 

PubMed, Google Scholar and ScienceDirect. 

Some of the keywords used include: Diabe-

tes Mellitus Type 2” OR “Diabetes Mellitus 

Type II” AND (Exercise OR “Physical Exer-

cise” OR “Exercise Training” OR “Exercise 

Trainings” OR “Aerobic Exercise”) AND 

“Blood Glucose”. 

 

 

2. Inclusion Criteria  

The inclusion criteria for this research 

article were articles 2013-2022 that used 

English, randomized controlled trial study 

designs, measure the relationship using the 

Mean and Standard Deviation. 

3. Exclusion Criteria  

The exclusion criteria for this research 

article were article that are not in English, 

research subjects with pregnancy, the 

article is not full text.  

4. Operational Definition of Variables 

The articles included in this study are 

PICO-adjusted. The article search was 

carried out by considering the eligibility 

criteria determined using the PICO model 

as follows: Population= type 2 Diabetes 

Mellitus sufferers, Intervention= Physical 

Exercise, Comparison = not doing physical 

exercise, Result= Decrease in blood sugar 

levels. 

Diabetes Mellitus is a group of chronic 

metabolic diseases characterized by hyper-

glycemia or an increase in blood sugar le-

vels that occurs because the body cannot 

produce the hormone insulin or cannot use 

insulin effectively, or both. Symptoms that 

often appear are polyuria, polydipsia and 

weight loss. The diagnosis can be made on 

the basis of a random increase in venous 

plasma glucose concentration above 11.1 

mmol/l or a fasting plasma glucose concen-

tration above 7.0 mmol/l (whole blood 6.1 

mmol/l or HbA1c over 6.5%). 

Physical exercise is a form of planned, 

structured, and continuous physical activity 

that involves repetitive body movements 

and is aimed at improving physical health 

and fitness. To achieve optimal results, 

physical exercise needs to be done at least 

3-5 times a week with moderate intensity 

for 30-60 minutes. 

Decrease in Blood Sugar Levels is a 

decrease in blood sugar levels in mmol/L 

that occurs after physical exercise. Decrease 
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in blood sugar levels is categorized as 

numerical data and the measurement scale 

is continuous. 

5. Instruments  

The research was guided by the PRISMA 

flowchart and assessment of the quality of 

research articles using the Critic al Assess-

ment Skills Program tool (jbi.global, 2020). 

The 13 questions used are as follows. 

The 13 randomized controlled trial 

study questions used are as follows: 

1. Was true randomization used for 

assigning participants to treatment 

groups? 

2. Was the allocation to the treatment 

group hidden? 

3. Were the treatment groups similar at 

baseline? 

4. Were participants blind to treatment as-

signments? 

5. Are those administering the treatment 

blind to the treatment assignment? 

6. Are outcome raters blind to treatment 

assignments? 

7. Was the treatment group treated 

identically other than the intervention 

of interest? 

8. Was follow-up complete and if not, were 

differences between groups in terms of 

follow-up adequately explained and 

analyzed? 

9. Were participants analyzed in randomi-

zed groups? 

10. Were outcomes measured in the same 

way for the treatment group? 

11. Are results measured in a reliable way? 

12. Was appropriate statistical analysis 

used? 

13. Was the trial design appropriate, and 

any deviations from the standard RCT 

design (randomization of individuals, 

parallel groups) accounted for in the 

conduct and analysis of the trial? 

6. Data Analysis 

Research data were analyzed using the 

RevMan 5.3 application, to calculate the 

effect size and heterogeneity of the study. 

The results of data processing are presented 

in the form of forest plots and funnel plots.  

 

RESULTS 

Process of searching article wascarried out 

by searching several journal databases 

PubMed, Sciencedirect, and Googlescholar. 

it can be seen using the PRISMA FLOW 

flowchart shown in Figure 1.  

 

 

Table 1. Assessment of the Quality Studies by Joanna Briggs Institute 

Primary Study 
Criteria 

Total 
1 2 3 4 5 6 7 8 9 10 11 12 13 

Mendes et al (2019) 2 2 2 2 2 2 2 2 2 2 2 2 2 26 
Metcalfe et al (2018) 2 2 2 2 2 2 2 2 2 2 2 2 2 26 

Li et al (2020) 2 2 2 2 2 2 2 2 2 2 2 2 2 26 
MacDonald et al (2020) 2 2 2 2 2 2 2 2 2 2 1 2 2 25 

Li et al (2018) 2 2 2 2 2 2 2 2 2 2 2 2 2 26 
Mensberg et al (2017) 2 2 2 2 2 2 2 2 2 2 2 2 2 26 

Duvivier et al (2017) 2 2 2 2 2 2 2 2 2 2 2 1 2 25 

Karstoft et al (2013) 2 2 2 2 2 2 2 2 2 2 2 2 2 26 
Tabari et al (2014) 2 2 2 2 2 2 2 2 2 2 2 2 2 26 
Note: Answer: Yes=2, No =1, Can’t tell=0 
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Figure 1. Results of Prisma Flow Diagrams  

 

 
  

Figure 2. Resarch Distribution Map  

 

6 Studies in 
Europe 

3 studies in Asia 

Articles identified through database 

search (n= 1,574) 

Duplicated articles removed 

(n= 11) 
Records excluded (n= 1,444) 
1. Not a research article 39 

2. Irrelevant article 653 

3. Articles Not RCT 603 

4. Non-English Articles (n= 4) 

5. The article is not full text 145 

 
 

Filtered articles (n= 1,563) 

Full-text decent article 

(n= 199) 

Articles included in the qualitative 

synthesis (n= 9) 

 

Articles included in the meta-

analysis (n= 9) 

Full text articles issued, with reasons 
(n= 110) 

1. Outcome is not glucose blood 

(n= 72) 

2. Article does not include Mean 

and SD(n= 38) 
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Table 2. Description of Primary Research included in the Meta-Analysis 

Author 
(Year) 

Country 
Study 

Design 

Sample 
P I C O 

Mean  SD 
I 

(PE) 
C (Not-

PE) 
PE 

Non-
PE 

PE 
Non-

PE 
Mendes et 
al (2019) 

Portugal RCT 15 15 Patients with 
type 2 DM 
(HbA1c) less 
than 10%; 
stable 3 
months non-
smoker in the 
last 6 months 
and without 
complications 

Treadmill 
walking with 
HIIT (high-
intensity 
interval 
training) 40 
min for 3 
weeks 

No 
Treadmill, 
CON (control 
session of 
rest) 

Average value 
of by 
measuring 
Capillary 
blood glucose 
in values 
(mg/dL) 

4.54 6.89 0.80 1.66 

Metcalfe 
et al 
(2018) 

UK RCT 11 11   Type 2 DM 
No history of 
cerebrovascul
ar cardiovas-
cular disease, 
impaired 
kidney or liver 
function, 
uncontrolled 
hypertension 

REHIT, do a 
sprint done 
at 2 minutes 
40 seconds 
and 6 
minutes 40 
seconds into 
a 10 minute 
training 
session 

 Control 
session of 
rest (CON) 
perform daily 
activities 

Average value 
of blood 
glucose 24 
hours 
measuring 
blood sugar 
levels in 
mmol/L 

7.74 8.11 0.59 1.05 

Li et al 
(2020) 

China RCT 34 29 Type 2 
diabetes is 
three months 
old, is not 
involved in 
moderate or 
strenuous 
activities, can 
ambulate 
independently

Gigong 
Fitness, 60 
min for 12 
weeks. The 
qigong fit-
ness training 
program in 
this study 
was con-
ducted and 

Control 
stretching, 
instructor-
supervised 
stretching, 
consisted of 
20 minutes 
of health 
education 
and 40 

Average blood 
value by 
measurement 
of fasting 
Plasma 
Glucose (FPG) 
in mmol/L 

8.78 6.83 3.46 2.80 

www.thejhpb.com  
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Author 
(Year) 

Country 
Study 

Design 

Sample 
P I C O 

Mean  SD 
I 

(PE) 
C (Not-

PE) 
PE 

Non-
PE 

PE 
Non-

PE 
, and has no 
cognitive 
impairment 

choreograph
ed by the 
qigong 
research 
team, 

minutes of 
exercise five 
times per 
week for 12 
weeks. 

MacDonal
d et al 
(2020) 

Mayo 
Clinic 

RCT 61 31 DM type 2 
intensive 
lifestyle 
intervention 
(U-TURN). 
Both groups 
received 
lifestyle 
advice and 
medical 
regulations 

UTURN 12 
months 
aerobic and 
resistance 
training 
.supervised 
counseling 

Standard 
Care (StC), 
with lifestyle 
interventions 
and without 
aerobic 
exercise 

Average blood 
value by 
measuring 
blood glucose 
in mmol/L 

7.38 7.40 0.45 1.10 

Li et 
al(2018) 

China RCT 29 29 Uncomplicate
d type 2 
diabetes is 
contraindicate
d for physical 
activity 

MIE 
(moderate-
intensity 
exercise, 
exercise, 
participants 
walked on a 
treadmill for 
20 minutes 
after dinner, 
with a heart 
rate reserve 
of 40%. 

CON, non-
exercise 
control, 
patients with 
normal daily 
activities but 
refrain from 
strenuous 
physical 
activity 

Average blood 
value 2jpp 
with continous 
glucose moni-
toring system 
measurement 
in mmol/L 

8.20 8.90 1.30 2.00 

www.thejhpb.com  
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Author 
(Year) 

Country 
Study 

Design 

Sample 
P I C O 

Mean  SD 
I 

(PE) 
C (Not-

PE) 
PE 

Non-
PE 

PE 
Non-

PE 
Mensberg 
et al 
(2017) 

Denmark RCT 36 34 DM type 2 is 
overweight, 
disorganized 
and doesn't 
move much 

Exercise 
compliance 
and physical 
fitness 16 
weeks, 60 
minutes 2x a 
week 

CON (control 
session of 
rest) 

Average blood 
value by 
measuring 
blood glucose 
in mmol/L 

7.00 9.80 1.60 3.70 

Duvivier 
et al 
(2017) 

Netherland RCT 20 19 Type 2 
diabetes 
without 
disease that 
interferes 
with 
participation 
in physical 
activity, and 
alcohol abuse 

Moderate-
vigorous 
intensity 
exercise 
(Breaking 
sitting) 150 
minutes per 
week for 14 
days. 
Physical 
activity was 
measured 24 
hours/day 
using the 
activPAL3 
monitor 
(PAL Tech-
nologies, 
Glasgow, 
Scotland). 

Sitless 
regimen. 
Performing 
daily 
activities 
Physical 
activity was 
measured 24 
hours/day 
using the 
activPAL 3 
monitor (PAL 
Technologies, 
Glasgow, 
Scotland). 

Average value 
of blood 24h 
by measuring 
glucose levels 
in mmol/L 

7.29 7.35 0.24 0.19 

Karstoft 
et al 
(2013) 

Denmark RCT 24 22 DM type 2, 
recruit 
volunteers 
with medical 

 CWT 60 
minutes 5 
sessions per 
week for 4 

CON 
performs 
daily 
activities and 

Average blood 
glucose by 
measuring 
fasting glucose 

7.70 8.20 0.70 0.90 

www.thejhpb.com  
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Author 
(Year) 

Country 
Study 

Design 

Sample 
P I C O 

Mean  SD 
I 

(PE) 
C (Not-

PE) 
PE 

Non-
PE 

PE 
Non-

PE 
examination, 
physical, 
blood 
chemistry 
analysis, and 
oral glucose 
tolerance test 

months 
acceleromete
r and heart 
rate monitor 

is still 
measured 
with an 
acceleromete
r and heart 
rate monitor 

in mmol/L 

Tabari et 
al(2014) 

Iran  RCT 27 26   Type 2 DM 
based on age 
(>40 and 
<40) and 
Body Mass 
Index (BMI) 
(≥25 and <25 

Aerobic 
exercise 8-
week 3x a 
week, 
measuring 
heart rate 
and blood 
glucose 
levels 

CON control 
group 
without 
intervention, 
heart rate 
and blood 
sugar levels 
are still being 
measured 

Average blood 
glucose by 
measuring 
fasting plasma 
glucose in 
mg/dl 
(7mmol/L) 

7.48 9.03 4.39 0.09 

 

 

 

www.thejhpb.com  
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Figure 3. Forest plot the Effect of Physical Exercise on Decline 

Blood Sugar Levels for Type-2 Diabetes Mellitus Patients 

 

The forest plot in Figure 3. shows that phy-

sical exercise reduces blood sugar levels of 

people with diabetes mellitus 0.44 times 

compared to patients with diabetes mellitus 

who do not do physical exercise, and the re-

sults are statistically significant. (SMD= -

0.44; 95% CI= -0.84 to -0.05; p = 0.030). 

 

    
Figure 4. Funnel plot the Effect of Physical Exercise on Decline 

Blood Sugar Levels for Type 2 Diabetes Mellitus Patients 

 

The funnel plot in Figure 4 showed there is 

not publication bias characterized by an 

symmetrical distribution between the right 

and left plots.  

 

DISCUSSION 

This systematic review and meta-analysis 

research raised the theme of the effect of 

physical exercise on reducing blood sugar 

levels in patients with type 2 diabetes 

mellitus. This study discusses physical 

exercise, this is considered important in the 

management of people with diabetes melli-

tus. Because physical exercise can reduce 

blood sugar levels of people with diabetes 

mellitus, support in controlling blood sugar 

levels (Wang et al., 2021). 
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 The Main Study that met the criteria 

were 9 articles, spread across several 

countries. The results of the Florest plot 

showed the magnitude of the effect of 

physical exercise on reducing blood sugar 

levels in patients with diabetes mellitus and 

was statistically significant (SMD= -0.44; 

95% CI= -0.84 to -0.05; p= 0.030). The 

heterogeneity of the research data showed 

I2= 76% so that the distribution of the data 

was declared heterogeneous (random effect 

model). The symmetrical distribution of the 

funnel plot indicates that there is no 

publication bias. 

 The exercise group carried out five 

sessions per week (60 minutes/session) 

walking training with moderate intensity, 

continuous-walking training (CWT) for 4 

months (Karstoft et al., 2013). The exercise 

protocol consisted of warming up, stretch-

ing and flexibility exercises for 10 minutes, 

followed by walking for 30 minutes with a 

maximum intensity of 60% increase in 

heart rate and then stretching in a sitting 

position for 10 minutes, 3 times a week for 

8 weeks (Motahari-Tabari et al., 2014). 

Other researchers used the 40-minute high-

intensity interval training (HIIT) method 

every day for 3 weeks (Mendes et al., 2019). 

 In another study, intensive lifestyle 

intervention (U-TURN) by doing aerobic 

exercise and resistance training for 12 

months under supervision of counseling 

could reduce blood glucose levels (Mac-

Donald et al., 2020). Duvivier et al. (2017) 

mentioned that sitting rest by standing and 

walking with light intensity can be an 

alternative structured exercise to improve 

glycemic control in type 2 diabetes patients. 

The qigong fitness training program 

choreographed by the qigong research team 

with 60 minutes of exercise every week for 

12 weeks was able to lower blood sugar 

levels. blood (Li et al., 2020). Reduced-

exertion high-intensity interval training 

(REHIT) is a truly time-efficient exercise 

intervention to control blood sugar levels in 

patients with type 2 diabetes mellitus 

(Metcalfe et al., 2018). 

 Physical exercise can reduce blood 

sugar levels in people with type 2 Diabetes 

Mellitus, the results are in accordance with 

the hypothesis. According to Metcalfe et al, 

(2018) emphasized the importance of a 

multi-component treatment approach in 

type 2 diabetes, incorporating regular exer-

cise, which is an effective strategy to lower 

the patient's blood sugar level. Physical 

activity is a major modifiable risk factor 

that has been shown to improve glucose 

tolerance (Temple et al., 2019). According 

to Cox et al. (2020) states the American 

Diabetes Association concludes: 'Reducing 

overall carbohydrate intake for individuals 

with diabetes has shown the best evidence 

of lowering glycemia. 

 This study investigates a diabetes 

mellitus management program by reducing 

postprandial glucose through reducing 

carbohydrate consumption and increasing 

routine physical activity. Other investiga-

tors have also shown that exercise, drugs 

and diet have altered the profile of liver fat 

in individuals at risk for type 2 diabetes 

mellitus. In particular, exercise has been 

used as an important management strategy 

in the management of patients with 

diabetes mellitus. Several studies have 

reported a strong effect of exercise training 

intervention in reducing fatty liver and 

hepatic steatosis in patients with diabetes 

mellitus. 

 The results of this study are in line 

with research conducted by Yao et al., 

(2021) evaluating the effects of physical 

activity on people with diabetes mellitus in 

China. Self-management behaviors such as 

diet control, physical activity, medical 

compliance, and glucose monitoring alone 

have been suggested to achieve better 
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glycemic control status and clinical out-

comes and thereby reduce the substantial 

physical, psychological, and socioeconomic 

burden of disease at the family and 

community levels. With exercise 3-5 times a 

week, 30-40 minutes at a time can lower 

blood sugar levels. Diabetic patients are 

usually encouraged to engage in active 

exercise, which is beneficial for regular 

glycemic control. 

 Other researchers also support this 

research. Physiological indicators, such as 

body mass index (BMI), waist circum-

ference, triglycerides, low density lipo-

protein, systolic and diastolic blood 

pressure, and blood glucose were 

significantly reduced plus graded diagnosis 

and treatment strategy groups. Manage-

ment indicators (such as compliance with 

blood glucose monitoring, level of adhe-

rence to diet control, and level of exercise 

adherence) also improved substantially 

(Liang et al., 2020). With the results of 

fasting plasma glucose intervention (Mean= 

6.10; SD= 1.13) vs control (Mean= 7.84; 

SD= 1.07), with p< 0.001. 

 The combination of diet and exercise 

is the cornerstone of treatment in type 2 

diabetes mellitus because it improves 

glycemic control, improves insulin sensiti-

vity, reduces fat mass (including visceral 

fat), and lowers serum triglycerides (Otten 

et al., 2019). 

 

AUTHOR CONTRIBUTION 

Tri Nyantosani Widyawardani is the main 

researcher who selects the topic, searches 

for and collects research data. Diyanti Safit-

ri analyzes data and reviews research docu-

ments. 

 

FUNDING AND SPONSORSHIP 

This study is self-funded. 

 

 

CONFLICT OF INTEREST 

There is no conflict of interest in this study. 

 

ACKNOWLEDGMENT 

We are very grateful to database providers 

PubMed, Google Scholar, and Science-

Direct. 

 

REFERENCES 

Azarmehr SA, Toloee ME, and Akbari E 

(2017). Asian exercise and sport sci-

ence association The effect of 8 weeks 

of Circuit Resistance Training on 

metabolic syndrome risk factors and 

body composition in women over age 

50 with diabetes mellitus type 2. 

Available at: www.aesasport.com 

(Accessed: 22 January 2022). 

Cox DJ, Banton T, Moncrief M, Conaway 

M, Diamond A, Holmes V, Green 

Pastors J, et al. (2020). Glycemic 

excursion minimization in the mana-

gement of type 2 diabetes: A novel 

intervention tested in a randomized 

clini-cal trial, BMJ Open Diabetes Res 

Care. 8(2). DOI: 10.1136/bmjdrc-20-

20-001795. 

Duvivier BMFM, Schaper NC, Hesselink 

MKC, van Kan L, Stienen N, Winkens 

B, Koster A, et al. (2017). Breaking 

sitting with light activities vs structu-

red exercise: a randomised crossover 

study demonstrating benefits for gly-

caemic control and insulin sensitivity 

in type 2 diabetes. Diabetologia, 

60(3): 490–498. DOI: 10.1007/s00-

125-016-4161-7. 

Eaglehouse YL, Venditti EM, Kramer MK, 

Arena VC, Vanderwood KK, Rockette-

Wagner B, and Kriska AM (2017). 

Factors related to lifestyle goal achi-

evement in a diabetes prevention 

program dissemination study. Transl 

Behav Med. 7(4): 873–880. DOI: 

10.1007/s13142-017-0494-0. 



Widyawardani et al./ Physical Exercise on Blood Sugar Levels in Type-2 Diabetes Mellitus Patients 

www.thejhpb.com   130 

Fayehun AF, Olowookere OO, Ogunbode 

AM, Adetunji AA, and Esan A (2018). 

‘Walking prescription of 10 000 steps 

per day in patients with type 2 dia-

betes mellitus: A randomised trial in 

Nigerian general practice. Br J Gen 

Pract. 68(667): e139–e145. DOI: 10.-

3399/bjgp18X694613. 

Heiskanen MA, Motiani KK, Mari A, Sau-

navaara V, Eskelinen JJ, Virtanen KA, 

Koivumäki M, et al. (2018). Exercise 

training decreases pancreatic fat con-

tent and improves beta cell function 

regardless of baseline glucose tole-

rance: a randomised controlled trial. 

Diabetologia. 61(8): 1817–1828. DOI: 

10.1007/s00125-018-4627-x. 

Karstoft K, Winding K, Knudsen SH, Niel-

sen JS, Thomsen C, Pedersen BK, and 

Solomon TPJ (2013). The effects of 

free-living interval-walking training 

on glycemic control, body compositi-

on, and physical fitness in type 2 dia-

betic patients: A randomized, contro-

lled trial. Diabetes Care, 36(2): 228–

236. DOI: 10.2337/DC12-0658. 

Li X, Si H, Chen Y, Li S, Yin N, Wang Z 

(2020). Effects of fitness qigong and 

tai chi on middle-aged and elderly 

patients with type 2 diabetes mellitus. 

PLoS One, 15(12). DOI: 10.1371/jour-

nal.pone.0243989. 

Liang G, Jiang H, Huang C, Que X, Tang J, 

Lu J, Gao J (2020). Diabetes health 

management strategy based on inter-

net plus graded diagnosis and treat-

ment strategy. Ann Palliat Med. 9(6): 

3915–3922. DOI: 10.21037/apm-20-

1996. 

MacDonald CS, Johansen MY, Nielsen SM, 

Christensen R, Hansen KB, Langberg 

H, Vaag AA, et al. (2020). Dose-res-

ponse effects of exercise on glucose-

lowering medications for type 2 dia-

betes: A secondary analysis of a ran-

domized clinical trial. Mayo Clin Proc. 

95(3): 488–503. doi: 10.1016/j.-may-

ocp.2019.09.005. 

Mendes R, Sousa N, Themudo-Barata JL, 

Reis VM (2019). High-intensity inter-

val training versus moderate-intensity 

continuous training in middle-aged 

and older patients with type 2 dia-

betes: A randomized controlled 

crossover trial of the acute effects of 

treadmill walking on glycemic control. 

Int J Environ Res Public Health. 

16(21):4163. https://doi.org/10.3390-

/ijerph16214163. 

Metcalfe RS, Fitzpatrick B, Fitzpatrick S, 

McDermott G, Brick N, McClean C, 

and Davison GW (2018) ‘Extremely 

short duration interval exercise im-

proves 24-h glycaemia in men with 

type 2 diabetes’, Eur. J. Appl. Physiol., 

118(12): 2551–2562. doi: 10.1007/-

s00-421-018-3980-2. 

Motahari-Tabari N, Ahmad Shirvani M, 

Shirzad-E-Ahoodashty M, Yousefi-

Abdolmaleki E, Teimourzadeh M 

(2014). The Effect of 8 Weeks Aerobic 

Exercise on Insulin Resistance in 

Type-2 Diabetes: A Randomized Clin-

ical Trial, Glob J Health Sci. 7(1):  115. 

doi:10.5539/GJHS.V7N1P115. 

Otten J, Andersson J, Stáhl J, Stomby A, 

Saleh A, Waling M, Ryberg M, et al. 

(2019). Exercise training adds cardio-

metabolic benefits of a paleolithic diet 

in type 2 diabetes mellitus. J Am 

Heart Assoc. 8(2). doi:10.1161/JAHA-

.118.010634. 

PERKENI (2021) Pedoman Pengelolaan 

dan Pencegahan Diabetes Melitus 

Tipe 2 Dewasa di Indonesia (Guide-

lines for the Management and Preven-

tion of Type 2 Diabetes Mellitus in 

Indonesia). 1st edn. Available at: 

www.ginasthma.org. 

Temple KA, Tjaden AH, Atkinson KM, 



Widyawardani et al./ Physical Exercise on Blood Sugar Levels in Type-2 Diabetes Mellitus Patients 

www.thejhpb.com   131 

Barengolts E, Hannon TS, Mather KJ, 

Utzschneider KM, et al. (2019). Asso-

ciation of habitual daily physical acti-

vity with glucose tolerance and B-cell 

function in adults with impaired glu-

cose tolerance or recently diagnosed 

type 2 diabetes from the Restoring In-

sulin Secretion (RISE) study. Diabetes 

Care, 42(8): 1521–1529. doi: 10.2337-

/dc19-0538. 

Wang W, Huang M, Wang J (2021). The 

Effect of Physical Exercise On Blood 

Sugar Control In Diabetic Patient. Rev 

Bras Med do Esporte. 27(3): 311–314. 

doi: 10.1590/1517-869220212-

7032021_0103. 

Yao WY, Han MG, De Vito G, Fang H, Xia 

Q, Chen Y, Liu X, et al. (2021). Physi-

cal activity and glycemic control sta-

tus in chinese patients with type 2 

diabetes: A secondary analysis of a 

randomized controlled trial. Int J 

Environ Res Public Health, 18(8). doi: 

10.3390/ijerph18084292. 

 


