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Introduction

 
besity and its complications, 

particularly insulin resistance and 

diabetes, has become a worldwide 

epidemic. Obesity is accompanied by an 

increase in insulin resistance and 

hyperglycemia and induces several basic and 

generalized complications in all physiological 

systems. Ordinarily, adipocytes in both 

subcutaneous and visceral depots become 

hypertrophic under these circumstances and 

their secretory pattern alters. There is evidence 

suggesting that the adipose tissue plays an 

important role in insulin resistance by irregular 

production and secretion of a number of 

messenger molecules including the tumor 

necrosis factor alpha (TNF-α) , RBP4, leptin, 

adiponectin, visfatin, coumarin, omentin-1 and 

resistin (1). In the past, it was believed that the 

adipose tissue does not induce any effects and 

merely stores triglycerides, however, today, it 
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Abstract 
Objective: The growing prevalence of diabetes makes this disease a 

health threatening issue. Regular physical activity is a solution in 

prevention and treatment of diabetes. Therefore, the aim of the 

present study was to review the effect of exercise trainings on 

visceral fat tissue in type 2 diabetes patients, based on the studies 

performed in Iran. 

Materials and Methods: The present study is a review concerning 

the effects of physical training on visceral fat in diabetic patients. 

The search was performed on SID (Scientific Information 

Database), Irandoc and Magiran. After the apraise of the articles, 8 

studies carried out between 2005 and 2016 in Iran were included.  

Results: A review of the studies indicated that participation in 

regular physical activities improves blood glucose control. It is 

effective in secretion and gene expression of adipokines in visceral 

fat tissues. Moreover, it is able to prevent or delay the onset of type 

2 diabetes.  

Conclusion: Physical activity has a fundamental role in 

prevention and control of insulin resistance, pre-diabetic 

circumstances, type 2 diabetes and its health related complications. 

Both aerobic and resistance exercises improve the action of insulin 

and the secretion of adipocytokines of the visceral fat tissue. 

Keywords: Diabetes, Visceral fat, Adipokine, Physical activity 
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has been established that the adipose tissue 

secretes a number of biologically active 

proteins, known in general as adipokines and 

through these adipokines, it has a part in 

energy homeostasis (e.g: adipokine, leptin, 

omentin-1) and systemic inflammation (e.g: 

TNF-α), which seem to play key roles in 

metabolic diseases. (2) Recent evidence 

suggest that the development of visceral fat is 

accompanied by a chronic inflammatory 

condition that is measurable by the level of 

inflammatory indicators interleukin 6 (IL-6), 

TNF-α and C-reactive protein (CRP) (3). In 

fact, chronic inflammation in obese patients in 

the most important factor relating an increase 

in adipose tissue mass and insulin resistance 

since the chemical mediators secreted by 

adipose tissue, IL-6 and TNF-α, are also 

significant mediators in the induction of 

insulin resistance in obese patients (4). 

Moreover, it has been established that the 

absorption of macrophages from the 

circulation by adipose tissue in the most 

important cause in producing inflammatory 

processes and the main source of 

inflammatory factors synthesis in obese 

patients. It is of note that the macrophages in 

the visceral adipose tissue have more 

inclination for diffusion and thus the role of 

visceral adipose tissue in the pathogenesis of 

diabetes and its related diseases is quite 

significant.  Regular physical activity along 

with diet and medications are the basis of 

managing type 2 diabetes. As a result, 

international guidelines recommend regular 

physical activities as 3 or 5 sessions a week for 

type 2 diabetic patients (5). Regular physical 

activity reduced mortality rates in diabetic 

patients and prevents cardiovascular diseases. 

Although the effectiveness of physical activity 

in controlling and managing type 2 diabetes 

has been established, studies show that 

diabetic patients tend to have less physical 

activity compared to others (6). Exercise 

programs and development of daily physical 

activity have gained much attention due to 

being inexpensive and lacking the side effects 

of medications. Thus, physical activities based 

on a regular and specific pattern should be a 

part of the general strategy of treating type 2 

diabetic patients (7). Results of recent studies 

have presented beneficial effects of physical 

activity including aerobic or resistance 

exercises in the treatment of type 2 diabetic 

patients. Physical activity causes an increase in 

the number of glucose carriers (GLUT-4) that 

leads to a decrease in fasting blood sugar and 

thus a decrease in insulin resistance (8). In 

addition, physical activity plays a fundamental 

role in controlling inflammation-related 

diseases, such as diabetes, by decreasing 

visceral adipose tissue mass and as a result, 

decreasing the release of inflammatory 

cytokines and producing an anti-inflammatory 

environment (9). Indeed, aerobic exercises 

alter the effect of insulin on each muscle fiber 

without increasing the size of the fibers 

whereas resistance exercises preferably 

improve glucose absorption by increasing each 

muscle fiber. Aerobic exercises induce weight 

loss, improved lipid profile, body fat rate, 

improved glycemic control, decreased insulin 

resistance and modulated inflammatory 

indicators and in total, leads to improved 

insulin sensitivity (10). A revision of literature 

on this subject reveals that the atrophy in 

visceral adipocytes and the alteration in their 

secretory pattern after regular physical 

activity, especially aerobic exercises, is one of 

the main mechanisms in the prevention and 

treatment of diabetes. Considering that the 

abundance and prevalence of diabetes in Iran 

is very high, we have tried to collect and 

analyze the results of studies by Iranian 

researchers on the effects of physical activity 

on visceral adiposity in diabetic conditions in 

this systematic review. 

 

Materials and Methods 
The present study is a review on the studies 

conducted in order to assess the effects of 

physical activity on visceral fat in type 2 

diabetic patients. The results of this study are 

based on the articles published in national 

journals and theses from 2005 to 2016. The 

articles were selected from information banks 
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of SID (Scientific Information Database), 

Irandoc and Magiran. In addition, the resource 

index of the selected articles was reviewed in 

order to collect more studies. Totally 145 

articles were studied and, 28 were excluded 

due to duplication and 101 were not relevant. 

Ultimately, 8 articles were included in the 

main research process (picture-1). Searching 

the articles was performed using the Farsi 

keywords for “diabetes”, “physical activity”, 

“adypokines”, “visceral adiposity”, “review 

article” and their combinations.  

 

Beneficial effects of physical activity in 

diabetes 
Various disorders occur in most tissues in 

diabetic conditions; in the same way, physical 

activities can reduce the intensity of these 

disorders. Therefore, considering the 

metabolic effects of physical activity, it seems 

that regular physical exercise is one of the 

effective factors in type 2 diabetes and its 

management (11). Evidence suggests that 

physical activity is an efficacious treatment for 

prevention and management of type 2 

diabetes. A 60 percent reduction in the 

development risk of diabetes has been reported 

in patients with insulin resistance after regular 

physical exercises. There is a strong 

correlation between aerobic fitness and 

improvement in glycemic control and insulin 

sensitivity. These effects are modulated 

through alterations in visceral fat by the 

secretion of adipocytokines. These 

adipocytokines are not only influential in 

controlling the balance of body weight, but 

also they justify the relation of obesity, insulin 

resistance and diabetes by their effect on 

metabolic, inflammatory and lipid profiles 

(12). Regarding the manner of glucose uptake 

by skeletal muscle cellules, research evidence 

has been concentrated on two cellular 

pathways. When recovering from physical 

activities, the uptake of glucose by the muscle 

is dependent on insulin and its main role is to 

restore muscular glycogen resources. During 

the activity, molecular mechanisms as a result 

of muscular contractions increase the uptake 

glucose from the circulation in order to 

provide for the growing craving in the muscle 

for glucose, independent of insulin action 

mechanism. Since the mechanism of glucose 

uptake through muscular contraction is 

independent of molecular path of insulin 

receptor, muscular absorption of glucose 

occurs naturally during activity in type 2 

diabetic patients whose insulin-dependent 

absorption of glucose has become 

dysfunctional. This phenomenon is an 

important mechanism in modulating blood 

glucose in insulin resistance conditions. 

Muscular glucose absorption remains in higher 

levels even after stopping the exercise 

compared to the resting time before the 

activity. The reason for this phenomenon is the 

increased coupling tendency of insulin 

receptors to insulin and reinforcement of 

signaling pathways after the insulin receptor in 

Magiran 

145 

SID 

120 

8 

Duplicated 

28 

 

Irrelevant 

articles 

109 

Included articles on the effect of aerobic exercises 

on adipose tissue: 5 articles 

Included articles on the effect of resistance 

exercises on adipose tissue: 2 articles 

Included articles on the effect of combination 

exercises on adipose tissue: 1 article 

Figure 1. The flow diagram of articles 

selection  
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skeletal muscle (13). There is evidence 

suggesting that the concentration and 

circulation of GLUT-4 increases with physical 

activity, specifically with aerobic exercises. 

Furthermore, in trained muscles, GLUT-4 

transporting mechanisms such as the activation 

of AMP-activated protein kinase, adenosine, 

Calcium ion and nitric oxide leads to the 

transportation of GLUT-4 from depth to the 

surface of the cellule. Generally, this 

transportation of GLUT-4 from depth to the 

surface of the cellule, which is stimulated by 

insulin, is dysfunctional in type 2 diabetic 

patients and does not occur normally. Both 

aerobic and resistance exercises increase the 

amount of GLUT-4 and glucose absorption, 

even in type 2 diabetic patients (14).  

 

Analysis of available studies concerning 

the effect of resistance physical exercises 

on the secretory characteristics of 

visceral fat in diabetic conditions 
The modulating effects of regular physical 

activities, specifically resistance exercises, on 

the immune system may have positive 

influences on the innate immune system and 

thus induce other benefits other than 

improvement of strength and functional 

capacity (15). The higher glucose uptake and 

hypertrophy as a result of muscular 

contractions, show physical activities as a 

treatment method in managing many chronic 

diseases and it has been indicated that these 

exercises are effective and safe for the elderly 

and the obese. Suitable resistance exercises 

such as aerobics, lead to higher insulin 

sensitivity, increase in energy consumption 

and improvement of life quality. In addition, 

resistance exercises can decrease the base 

levels of cytokines in long term (16). 

Cytokines such as IL-6 and TNF-α are able to 

alter insulin sensitivity by influencing different 

phases of insulin signaling pathways (17). 

Some researchers believe physical activity 

with high-energy consumption to play a vital 

role in regulation, production and secretion of 

adipokines secreted from visceral adipose 

tissue (resistin and coumarin). Studies show a 

decrease in resistin after regular exercises in 

obese and diabetic patients. It has been 

reported that 8 weeks of circular resistance 

training induces a significant reduction in 

plasma concentrations of resistin, blood 

insulin, blood glucose, glycated hemoglobin 

and insulin resistance in male type 2 diabetic 

patients (18). Even in some studies, it was 

reported that 3 months of strength training 

without a diet can lead to the reduction of 

metabolic syndrome symptoms (including 

total cholesterol, triglyceride, glucose and 

insulin resistance index) and this improvement 

is accompanied by lower levels of coumarin 

and CRP. On one hand, these changes as a 

result of training were coincident with a 

decrease in abdominal fat mass (especially 

visceral fat). This finding shows that when 

physical activity or diet leads to a decrease in 

abdominal fat mass (especially visceral fat), it 

reduces the risk factors of metabolic diseases 

(19). On this matter, it could be stated that 

coumarin is effective on fat cellular 

differentiation stimulation of lipolysis (20). 

This adipokine facilitates the uptake of 

insulin-stimulated glucose and apparently 

coumarin has a role in insulin sensitivity and 

could be considered as a therapeutic target in 

diabetes, especially type 2 diabetes (21). As a 

conclusion, it seems that resistance exercises 

with their beneficial effects specifically 

increasing muscular mass and decreasing the 

expression of visceral adiposity-secreted 

resistin and coumarin genes could lead to 

improvement of insulin sensitivity in active 

tissues. On the other hand, the increase in 

muscular mass could lead to a higher basic 

metabolism rate and thus higher consumption 

of body fat and as a result, weight loss (22). 

 

Analysis of available studies concerning 

the effect of aerobic physical exercises 

on the secretory characteristics of 

visceral fat in diabetic conditions 
An effective exercise program requires a 

combination of intensity, duration, number of 

sessions and exercise type in order to impose 

extra weight on different body organs and 
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induce adaptation. Regular aerobic exercises 

lead to physiological adaptations such as 

increased oxidation enzymes, reduced adipose 

tissue, decreased inflammatory agents, 

increased anabolic hormones, higher capillary 

density, increased number of mitochondria, 

elevated maximum consumed oxygen and 

competence of the cardiovascular system (23). 

Many epidemiological studies have indicated 

that visceral obesity imposes a greater risk for 

obesity-related diseases, such as insulin 

resistance, type 2 diabetes, cardiovascular 

diseases and dyslipidemia compared to 

peripheral obesity (24). In principle, blood 

lipid disorders and increased adipose tissue in 

a central accumulation pattern are observed in 

diabetic patients (25). Increased plasma level 

of RBP4 (visceral adiposity adipokine) has 

been established as an effective factor in 

development and emergence of disorders in 

glucose tolerance and its consequent diabetes 

in both humans and animals (16). Studies have 

shown that after 8 weeks of alternative aerobic 

exercises, the level of serum RBP4 is reduced 

by 28 percent in diabetic patients. In addition, 

alterations of RBP4 are accompanied by 

changes in serum TG and this decrease leads 

to the improvement of insulin resistance (26). 

Furthermore, after 7 weeks of aerobic 

exercises in diabetic mice, significant decrease 

of RBP4 in EDL muscle, visceral and 

subcutaneous fat has been reported as well as a 

significant reduction in weight and central 

obesity. Moreover, endurance exercises reduce 

the expression of RBP4 in visceral and 

subcutaneous adiposity (27). 8 weeks of 

aerobic exercises result in elevated 

concentrations of serum omentin-1 and 

improvement of lipid profile in obese and 

overweight participants. However, the 

improved insulin sensitivity as a result of 

weight loss is the probable cause of increased 

omentin-1 (28). In another study, it was 

indicated that 8 weeks of rhythmical aerobic 

exercises could be effective in the reduction of 

plasma visfatin in obese women by the 

decrease in body fat mass, waist and hip 

circumference, weight loss and improvement 

of lipid profile including the decrease in LDL, 

triglyceride, cholesterol, and the increase in 

HDL (29). Researchers also observed the 

reduction of plasma visfatin in obese women 

after 9 weeks of aerobic exercises and 

attributed this change to weight loss and 

reduction in abdominal fat due to exercise. 

Alteration in the production of inflammatory 

factors by the adipose tissue (specifically 

abdominal) might play an important role in 

insulin resistance and metabolic disorders 

related to obesity (30). Regular aerobic 

exercises could have an essential role in 

reducing the risk of cardiovascular diseases 

and improvement of glucose metabolism 

process in diabetic patients because of 

decreasing insulin resistance and increasing 

glucose metabolism on one hand, and reducing 

RBP4 and visfatin rates and elevating visceral 

fat omentin and thus increasing insulin 

sensitivity on the other.  

 

Analysis of available studies concerning 

the effect of combination physical 

exercises on the secretory characteristics 

of visceral fat in diabetic conditions 
In recent years, weight loss and increased 

physical activity have been proposed as 

solutions to control diabetes and insulin 

resistance (31). Based on the guidelines today, 

type 2 diabetic patients must take aerobic 

exercises for at least 150 minutes with medium 

intensity per week, and undergo resistance 

exercises 3 times weekly (32). American 

Diabetes Association and American College of 

Sports Medicine have confirmed that the 

rehabilitation program for diabetic patients 

should be a combination of aerobic and 

resistance exercises in order to produce the 

beneficial effects of both exercise types (33). 

Long aerobic activity along with resistance 

activities are more effective in reducing 

inflammatory indicators that each activity 

performed separately (34), and are known as 

the more effective type of activity in 

controlling blood glucose, insulin activity and 

risk factor improvement in cardiovascular 

disorders (35), and are more effective in 
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improving insulin resistance than aerobic or 

resistance exercises separately (36). In one 

study, a significant reduction was observed in 

insulin resistance index and fasting blood 

sugar in type 2 diabetic patients after 8 weeks 

of aerobic and combination (aerobic-

resistance) exercises, and it was concluded that 

8 weeks of aerobic or combination exercises 

could be beneficial for type 2 diabetic patients 

by improving insulin resistance and fasting 

blood glucose (37). The combination of 

aerobic and resistance exercises is identified as 

the more effective type of activity in 

controlling glucose and insulin activity (33). 

Regular aerobic and resistance physical 

activities are helpful factors with the same 

power in controlling the metabolic side effects 

of type 2 diabetes (38).  

 

 

 

Conclusions 
Physical activities are able to reduce cytokine 

levels in circulation directly by decreasing the 

production of inflammatory cytokines in the 

adipose tissue, muscle and mononuclear cells, 

and indirectly by increasing insulin sensitivity 

and improving endothelial function. Physical 

activity plays a key role in prevention and 

control of insulin resistance, pre-diabetic 

conditions, pregnancy diabetes, type 2 diabetes 

and health issues related to diabetes. Both 

aerobic and resistance exercises improve 

insulin function and secretion of 

adipocytokines secreted from visceral adipose 

tissue and are effective in the management of 

blood glucose, blood lipids, hypertension, 

cardiovascular mortality risk and quality of 

life. It must be noted that in order to benefit 

from these effects, exercises should be 

performed regularly and consistently. 
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