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ABSTRACT 

Introduction: Type 2 diabetes mellitus (T2DM) is one of the main causes of 
increasing global health morbidity and mortality for diabetes cases. 
Increasing the glycemic control in patients with T2DM is not enough if it is 
only treated with anti-hyperglycemic drugs. Physical exercise is an activity 
that is planned, structured and carried out to improve health or physical 
fitness and it is an effective way to improve glycemic control. The aim of this 
study was to search and review the research on effectiveness of physical 
exercise on glycemic control in T2DM. 

Methods: We searched the scientific literature on T2DM and physical 
exercise in the ScienceDirect, ProQuest, Scopus, Ebsco and Pubmed 
databases for original research studies and then we reviewed them 
systematically. Of the 1145 articles retrieved, 14 studies were obtained by 
the PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-
Analyses) method 

Results: Aerobic physical exercise improved the glycemic control of T2DM 
and it was widely used and significant for glycemic control. The schedule of 
3 times a week for 60 minutes per session over 2 months was widely used 
and significant when it came to reducing blood glucose and hemoglobin A1c 
(HbA1c). 

Conclusion: This systematic review could be used as evidence when 
carrying out aerobic physical exercise interventions for the purpose of 
glycemic control. 
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INTRODUCTION  

T2DM is one of the main causes of increasing global 
health morbidity and mortality for 80-90% of all 
diabetes cases(Dixit, Maiya, & Shastry, 2017). The 
increasing prevalence of T2DM is followed by some of 
the most influential factors such as age, obesity and a 
sedentary lifestyle (Lazarevic et al., 2006). The factors 
that affect the increase of T2DM over a long period of 
time leads to a variety of abnormalities in various 
organs, including microvascular, macrovascular, 
neurological and infectious complications (A, 
Najafipoor, Aliasgarzadeh, Niafar, & Mobasseri, 
2012).  

The World Health Organization (WHO) and the 
International Diabetes Federation (IDF) reported that 
the number of patients with diabetes worldwide was 

projected to increase to more than 300 million people 
in 2025 and 366 million by 2030. This is up from 171 
million in 2000 (Animaw & Seyoum, 2017). Different 
associations such as the American Diabetes 
Association (ADA), the American College of 
Physicians (ACP) and the International Diabetes 
Federation (IDF) assumed that the goal of glycemic 
control was to decrease the HbA1c level, as shown by 
the epidemiology analysis where each decrease by 
1% in HbA1c is associated with a 14% reduction in 
the risk of myocardial infarction (MI), a 21% 
reduction in mortality associated with T2DM and a 
37% reduction in microvascular complications (A et 
al., 2012). 

T2DM is caused by insulin resistance which affects 
the process of carbohydrate metabolism. This is 
because glucose transporters in cells or GLUT-4 can 
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go to the plasma membrane if the corresponding 
insulin present. Insulin is a hormone made up of small 
proteins produced from the beta cells of the pancreas’ 
islets of Langerhans and it has an important role in 
saving energy (Fabricio, Chango, Cezar, & Mathias, 
2016). Blood glucose level and HbA1c decreased 
rapidly and significantly after physical exercise 
(Bruce, Kriketos, Cooney, & Hawley, 2004). 

Physical exercise as an intervention to maintain 
glycemic control in T2DM is widely used and it has 
been frequently reported on to date. Many studies 
have focused on the effect of physical exercise in 
T2DM related to its actions, laboratory parameters 
and organ damage (Thent, Das, & Henry, 2013). The 
aim of the present study was to search and review the 
findings from the randomized or non-randomized 
scientific published literature studies focusing on the 
T2DM patients’ used types of exercise and their effect 
on glycemic control. 

MATERIALS AND METHODS  

Searching strategy 
This study employed a systematic review on the 
effectiveness of the physical exercise for glycemic 
control done by T2DM patients. A comprehensive 
literature search was conducted using the 
ScienceDirect, ProQuest, Scopus, and Pubmed journal 
databases. This study began with determining the 
topic, searching for original articles and seeing if they 
matched with the inclusion criteria. The keywords 
used were type 2 diabetes mellitus, physical exercise, 
glycemic control, blood glucose and HbA1c. 

Inclusion and exclusion criteria 
The inclusion and exclusion criteria used for this 
study have been presented in Table 1. 

Data extraction and quality assessment 
The title, abstract and the article were reviewed 
independently. The information was taken from each 
study using a collection form that consisted of the 
authors, the date of the study, the population, the 
exercise type, the outcome measures, the study 
design and the duration of the intervention and its 
intensity. The quality assessment for each selected 
study was conducted using the PRISMA method. 

RESULTS  

The results of the data search identified 1145 relevant 
studies, but 885 studies were excluded after the title 
and abstract analysis. Therefore, 260 full-text articles 
were assessed for eligibility after excluding 155 
duplicates. In the final stage of the eligibility 
assessment, 141 articles were excluded and the 
remaining 14 studies were included in this review. A 
flow diagram of the PRISMA method of search and 
selection has been shown in Figure 1. 

All of the 14 selected studies were published in 
English. The population was T2DM patients and the 
majority were published after 2004. All of the 
participants were aged between 18 years and 70 
years old without complications. Three studies used 

female participants only and 11 studies used mixed 
participants. All of the participants were people with 
diabetes mellitus without insulin dependence. 

The interventions that were used were aerobic 
exercise, resistance exercise and a combination of 
exercises that were both aerobic and resistance. Four 
studies used an aerobic only intervention. One study 
used a resistance only intervention. Four studies used 
a combination of aerobic and resistance exercises. 
Four studies used an aerobic exercise, in addition 
with tension and combination exercises. One study 
used a combination of exercises. The intensity of 
physical exercise ranged from 2 to 3 times a week for 
30 to 60 minutes. The intervention was targeted at 
reducing HbA1c and glucose level. 

Samples for the examination of blood sugar and 

HbA1c were obtained both before exercise and after 

the administration of the intervention. The length of 

the re-examination of the blood glucose levels and 

HbA1c varied. All of the results of the study stated 

that aerobic and resistance studies gave significant 

results for glycemic control, blood sugar levels and 

HbA1c. Aerobic was the most widely used and 

modest exercise used to maintain glycemic control. 

The main characteristics of the included studies 

have been summarized in Table 2. 

DISCUSSION 

The previous study pointed that there were 3 types of 
physical exercise; aerobic exercise, resistance 
exercise and flexibility and balance exercise. These 
can be done by the T2DM patients as an intervention 
for glycemic control (Colberg et al., 2016). Another 
study also stated that aerobic exercise was the most 
commonly done for maintaining glycemic control and 
resistance exercise was number two (Services, 2018). 
The study’s result before was related to the results of 
the current study in that aerobic exercise, resistance 
exercise and a combination of aerobic and resistance 
exercise were the most common types of physical 
exercise used for maintaining glycemic control 
respectively. Compared with supervised aerobic or 
supervised resistance exercise alone, combined 
exercise showed there to be more of an improvement 
in HbA1c levels. 

Aerobics is a form of exercise that involves the 
repeated and continuous movement of large muscle 
groups. Aerobic activities include walking, cycling, 
jogging, and swimming (T. et al., 2018). Aerobic 
exercises consist of many different types of exercise. 
Exercise is performed at moderate levels of intensity, 
so they can be undertaken for extended periods of 
time that maintain an increasing heart rate. Activities 
such as cycling, swimming, jogging, rowing, cross-
country skiing and aerobic dancing require oxygen to 
produce ATP (Adenosine Tri-Phosphate). Aerobic 
exercise improves oxygen consumption and it also 
increases the functioning of the cardiovascular and 
respiratory systems (Thent et al., 2013). 
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Resistance exercises are exercises that have to be 
performed against resistance (Facility et al., 2015). 
Resistance exercise includes exercises with free 
weights, weight machines, body weights or elastic 
resistance bands. Unlike aerobic exercise, resistance 
exercises rely on the equipment used (Colberg et al., 
2016). 

Diabetes mellitus is a chronic endocrine disorder 
that needs definite treatment. Several complications 
are associated with diabetes and a lack of treatment 

can result in a life-threatening condition. Many 
researchers have explained that exercise played a 
crucial role in maintaining T2DM glycemic control. 
Exercise not only maintained glycemic control but it 
also improved their insulin sensitivity and lessened 
the diabetes-associated complications such as 
cardiovascular damage, which is considered to be one 
of the major complications (Services, 2018). Based on 
the past data, the present systematic review has 

Table 1. Inclusion and exclusion criteria 
Inclusion criteria Exclusion criteria 

1. The study design specifically evaluated the effect 
of physical exercise on glycemic control such as 
HbA1c and glucose level 

2. This study focused on T2DM patients 
3. Studies that were published in English 
4. The study had one of the following study designs: 

randomized controlled trial, non-randomized 
controlled trial and a before-after trial 

1. Studies that evaluate the effect of physical exercise 
on other chronic diseases 

2. Studies that evaluate the effect of physical exercise 
on children or mothers with gestational diabetes 

3. Patient with complications or another disease 

Table 2. Summary of the main characteristics of the included studies 
Year Sample Size Type of Exercise Intensity of 

Exercise 
Finding/ conclusion Refe-rence 

2004 9 Combination (aerobics and 
resistance) 

2 times/week, 16 
weeks 

HbA1c significantly reduced (Tokmakidis, Zois, 
& Touvra, 2004) 

2007 251 Aerobics, resistance, 
combination (aerobics and 
resistance) 

3 times/week, 22 
weeks 

HbA1c showed a significant 
reduction in the 3 types of 
exercise 

(Sigal et al., 2007) 

2009 20 Aerobics and resistance 4 times/week, 16 
weeks 

Both exercise modes have a 
positive effect on glycemic 
control 

(Zois et al., 2009) 

2010 60 Aerobics and resistance 3 times/week, 50 
minutes, 8 week 

Resistance exercise has similar 
effects to aerobic exercise in 
terms of reducing HbA1c 

(Ng et al., 2010) 

2011 48 Aerobics, resistance and 
combination (aerobics and 
resistance) 

3 times/week, 60 
minutes, 12 week 

Exercise training has a positive 
effect on the glycemic 
parameter 

(Luiza et al., 2011) 

2012 13 Aerobics 60 minutes, 7 days Aerobics reduced blood 
glucose 

(Mikus et al., 2015) 

2012 60 Aerobics and resistance, 
combination (aerobic and 
resistance, control) 

3 times/week, 60 
minutes, 52 weeks 

The mean HbA1c showed a 
significant reduction in the 
training groups. All training 
groups improved in terms of 
postprandial glucose, blood 
pressure, VO2max and 
muscular percentage. 

(Najafipour et al., 
2017) 

2012 30 Aerobics 3 times/week, 50 
minutes, 8 weeks 

Aerobics significantly reduced 
HbA1c concentration 

(No Title, 2012) 

2015 30 Aerobics and resistance 50 minutes, 6 
weeks 

Both exercises reduced HbA1c 
and blood glucose significantly 

(Farias, Santos-
lozano, Urra, & 
Cristi-montero, 

2015) 
2016 20 Aerobics and resistance 30 minutes, 7 days The glycemic response did not 

differ between the exercise 
modes 

(Brett, Stephen, 
Richard, & Benson, 

2016) 
2016 20 Aerobics 3 times/week, 8 

weeks 
Aerobics significantly reduce 
HbA1c and blood glucose 

(Mahmoudnejad, 
2016) 

2016 52 Aerobics and resistance, 
combination (aerobics and 
resistance) 

3 times/week, 10 
weeks 

Blood glucose significant 
reduce on three type exercise 

(Siavoshy & 
Heidarianpour, 

2017) 
2017 65 Aerobics 3 times/week, 8 

years 
Aerobics reduced HbA1c 
significantly 

(A et al., 2012) 

2018 60 Resistance 3 times/week, 30-
40 minutes, 12 
weeks 

Resistance exercise 
significantly reduced HbA1c 
and blood glucose 

(Article, 2018) 
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summarized the extent and types of exercise 
conducted among the T2DM population. 

The current systematic review revealed that 
physical exercise can be used as an intervention for 
maintaining glycemic control in T2DM. Aerobic was 
mostly done, followed by resistance or a combination 
of exercises. The fact that has to be of concern was 
that resistance exercise depends on the use of 
equipment. It could be costly and proper supervision 
is needed (Thent et al., 2013). Many other aspects 
have to be concerned with related to resistance 
exercises such as the knowledge of exercise, the 
economic aspect of exercise and the sustainability of 
the exercise(Training, The, & Of, 2006). On the other 
hand, aerobic exercise is devoid of using equipment 
(Segal et al., 2018). 

In this systematic review, the authors reviewed 14 
research articles about physical exercise (aerobics, 
stretching, and a combination of aerobics and 
stretching) as it relates to glycemic control (blood 
sugar and Hba1c). The result of this review were the 
same as the previous study, in that aerobics 
significantly reduce blood glucose and Hba1c through 
increased insulin sensitivity (Harrison, Shields, 
Taylor, & Frawley, 2016). During exercise, muscle 
contraction stimulates an increase in AMPK activity 
(AMP-activated protein kinase). This activation then 
stimulates GLUT4 translocation into the cell 
membrane, thereby increasing the glucose uptake 
(Bird & Hawley, 2017). In T2DM, there are 
deficiencies in the insulin receptors which results in 
impaired glucose uptake and GLUT4 translocation. 
However, exercise therapy could restore the defects 

of insulin by providing GLTU4 translocation (Bird & 
Hawley, 2017). 

The provision of aerobic exercise in terms of 
evidence and theory can reduce blood sugar and 
HbA1c levels. This was in accordance with the 
systematic results of this review, in that the most 
common intervention that was significant at reducing 
sugar levels and HbA1c was aerobics. In theory, there 
were more optimal and significant exercises which 
reduced the blood sugar levels and HbA1c and it is 
recommended by the ADA and the American College 
of Sports Medicine that these are used in combination 
rather than just aerobics (Activity, 2004). This could 
be done through two mechanisms. Increasing insulin 
sensitivity is a result of exercise-specific adaptations. 
Increased lean body mass (hypertrophy) is associated 
with resistance training, which contributes to 
increased glucose disposal. The problem with the 
authors when conducting the systematic review was 
that there has been only a small amount of research 
evaluating the benefits of aerobic combination 
training and resistance in the diabetic population. 

Resistance exercise developed proper glucose 
control and less insulin resistance among the T2DM 
patients. Resistance exercises are an exercise that has 
to be performed against resistance. Examples of 
resistance exercises include weight lifting. Unlike 
aerobic exercise, resistance exercises rely on 
equipment. Similar to aerobic exercise, resistance 
exercises are useful therapeutic tools in the 
management of T2DM. In addition, it was also proven 
to be safe and efficacious for the elderly insulin 
resistant diabetic patients. Resistance exercise has 
been reported to enhance insulin sensitivity, daily 
energy expenditure and quality of life. Furthermore, 
resistance training has the potential to increase 
muscle strength, lean muscle mass and bone mineral 
density, which could enhance both functional status 
and glycemic control. 

The schedule of carrying out exercises for 
between 30 - 60 minutes 3 times/week was 
reasonable; this consisted of 1 hour of physical 
exercise 3x/week to reduce the capillary glucose 
level. At least 150 minutes/week of physical activity 
and dietary changes resulting in a weight loss of 5%–
7% is recommended to prevent or delay the onset of 
T2DM in populations at high risk and in those with 
pre-diabetes. Not allowing more than 2 days to elapse 
between exercise sessions is recommended to 
enhance insulin action (Services, 2018).  
The limitation of this study was the variation of the 
intervention’s duration. Two studies had an 
intervention duration that was for 7 days. The other 
studies were done over more than 8 weeks 

CONCLUSION 

The present systematic review revealed the 
effectiveness of physical exercise on glycemic control. 
From the published data, it can be concluded that 
exercise-based research on a schedule of 3 times a 
week for 60 minutes per session over 2 months was 

 

Figure 1. Flow diagram of the search and selection 
article process 

 

 

 Articles identified through 

database searching 

(n=1145) 

Full text articles and abstract 

reviewed 

(n=1145) 

Abstract excluded 

(n=835): 

350-Condition did not 

meet the inclusion 
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380-Outcome did not 

meet the inclusion 

criteria 

155-Duplicate studies 

Full text articles assessed for 

eligibility 

(n=260) 

Full text excluded 

(n=141): 

98-Population did not 

meet the inclusion 

criteria 

43-Study design did not 

met inclusion 

Full text articles included in 

the systematic review 
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widely used and significant at reducing blood glucose 
and hemoglobin A1c (HbA1c). This systematic review 
could be used as evidence when carrying out aerobic 
physical exercise interventions for the purpose of 
glycemic control. 
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