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Introduction: Exercise training has been associated with health 

outcomes in diabetes, but the effect of long-term resistance training 

on HBA1c is largely unknown. Therefore, the present study was 

conducted to determine the effects of resistance training on lipid 

profile, HBA1c, and insulin in women with type 1 diabetes 

Materials and Methods: In this semi-experimental study, 20 women 

(n =10, with an average age of 54.50 ± 8.16 years, a height of 158.16 

± 5.36 cm) were randomly assigned into two control and 

experimental groups. A pre-test of the desired indicators (weight, 

height, waist circumference, hip circumference, fat percentage, 

fasting blood sugar, and glycosylated hemoglobin level) was 

performed for both groups. The experimental group performed a 

circuit resistance activity course (12 stations, 4 rounds, three days a 

week for 24 weeks). At the end of this period, the desired indicators 

were evaluated again as a post-test. To interpret the data, analysis of 

covariance (ANCOA) was used, considering the pre-test as a 

covariate. 

Results: Resistance training for 24 weeks reduced LDL level (P = 

0.001), TG (P = 0.001), BF (P = 0.002), WHR (P = 0.033), FBS (P = 

0.001), HBA1c (P = 0.001), Insulin (P = 0.001), HOMA-IR (P = 

0.001), and increased VO2max (P = 0.001) and average HDL-C (P = 

0.001) in the experimental group compared to the control group. 

However, there was no significant difference in average BMI (P = 

0.129), TG (P = 0.073), and Waist circumstance (P = 0.195) in the 

control and experimental groups. 

Conclusion: Based on the results of the present study, long-term 

resistance training improves lipid profile, HBA1c, and insulin levels 

in middle-aged women with type 1 diabetes. 
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Introduction 

Diabetes is the most common endocrine 

disease in humans, which is the top of non-

communicable diseases and one of the 

major causes of death in most societies. The 

prevalence of diabetes in Iran is estimated 

between 3 and 4 percent (29).  Along with 
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the progress of diabetes, the possibility of 

complications such as retinopathy, 

nephropathy, neuropathy, and 

atherosclerosis increases. In most cases, 

complete and accurate control of diabetes is 

impossible, therefore efforts are being 

made to find better ways to control this 

disease. Diabetes is known as a debilitating 

disease due to its many consequences and 

the creation of various disabilities among 

people, so more attention should be paid to 

healthcare cost-reduction programs that are 

related to diabetes )25). Exercise has a 

visible effect on food metabolism, 

especially in reducing blood sugar 

concentration, which has an important 

therapeutic value for diabetic patients (25). 

Type 1 diabetes is caused by the 

autoimmune destruction of pancreatic beta 

cells and as a result insulin deficiency. In 

these patients, the lack of secretion with the 

decrease in insulin function leads to 

carbohydrate, fat, and protein metabolism 

disorder.  

The annual incidence of type 1 diabetes in 

Iran has been estimated at 3.7 cases per 

hundred thousand people. This figure varies 

worldwide from 1 to 35 cases per hundred 

thousand population under 14 years of age, 

type 1 diabetes which includes about 5 to 

10% of cases (15). Genetic and 

environmental factors are strongly involved 

in the development of type 2 diabetes, 

genetic defects are complex and not well 

defined, but the risk of type 2 diabetes 

increases with age, obesity, and inactivity 

(28). While type 1 diabetes is the result of 

defects in the immune system of insulin-

producing cells in the pancreas. Therefore, 

considering that exercise is associated with 

a reduction in the symptoms of metabolic 

syndrome, the effects of exercise on 

improving the condition of diabetic patients 

are likely to be more evident (26). 

Meanwhile, the effect of exercise on type 1 

diabetic patients has contradictions. The 

presence of these contradictions on the one 

hand and the lack of familiarity with how to 

prescribe exercise to these patients, on the 

other hand, make type 1 diabetic patients 

less likely to benefit from the benefits of 

participating in sports activities (21). 

Studies show that it is possible for 

uncomplicated type 1 diabetes sufferers 

who have good metabolic control to 

participate in all levels of sports, regular 

sports activity increases the rate of 

metabolism and the speed of glucose 

transfer and transport in the body and 

causes improvement in the sensitivity of 

cells to injected insulin (26). Also, regular 

exercise activity reduces coronary heart 

disease by affecting blood lipids. The most 

common cause of death of diabetics is 

coronary heart disease. Research shows that 

regular exercise reduces this risk by 50% 

(11).  

For this reason, the American Diabetes 

Association (ADA) has identified lack of 

regular exercise as the fourth risk factor for 

coronary artery disease, and the other three 

risk factors include high blood pressure, 

smoking, and high cholesterol (15).  

Considering the importance of prevention, 

control, and side effects of medicinal 

methods in diabetic people, there has 

always been an effort to use optimal 

strategies with low side effects, effective 

and useful.  In recent years, physical activity 

(endurance and resistance) has been 

considered for these people as a low-cost 

strategy without side effects; For example, 

physical activities control the glycemic 

status of diabetics (9). 

In a study, Sigal et al. reported that 

increasing the time of physical activity to 

150 minutes per week reduces the incidence 

of diabetes by 5-7% (5). Also, studies have 

shown that controlling diet and physical 

activity in diabetic patients have an equal 

and complementary role in controlling 

diabetes (24). 

Various types of exercise are recommended 

for people with diabetes, as recommended 

by the Canadian Diabetes Association 

(International Diabetes Federation) and the 

American College of Sports Medicine in 

their guidelines for the prevention and 

management of diabetes, respectively 

Diabetic patients should participate in 
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moderate-intensity physical activity such as 

brisk walking, swimming, and cycling for 

at least 150 minutes a week for at least 3 

non-consecutive days, and increasing 

resistance exercises should be part of their 

physical activity program, because the 

intensity of the activity Resistance 

exercises affect improving blood sugar 

control, and when the intensity of these 

types of activities reaches 70-90% of a 

background repetition, the effect of these 

activities doubles(8,20). 

Probably, physical activity through the 

effect on isoform-4, glucose transporters (4 

Glucose Transporter Type) in skeletal 

muscles and insulin receptor substrates (1-

Insulin Receptor Substrate I, IRS) and 

increasing muscle mass (more than 75% of 

glucose uptake caused by the stimulation of 

insulin related to muscle tissue), improves 

the body's sensitivity to insulin (3). 

It has been found that resistance activity 

improves the body's sensitivity to insulin 

through skeletal muscle growth; Because 

following the performance of resistance 

activity due to the increase in pure muscle 

mass, glucose uptake also increases (14). 

Movements in different stations by 

performing resistance activities can have 

health benefits in addition to sports 

benefits; Because in such wellness 

programs, a large number of stations with 

various resistance movements can be 

programmed at the same time, and for this 

reason, a large number of people can be 

included in a physical activity program. (9). 

In this research, the effect of resistance 

activities on some indicators of middle-

aged female patients with type 1 diabetes 

was investigated. One of the important 

aspects of conducting this research is that 

no study has been conducted for 24 weeks 

on women with type 2 diabetes with 

progressive resistance exercises, and no 

study has definitively shown the beneficial 

effects of resistance exercises on patients 

with type 2 diabetes. They have not 

mentioned one. Therefore, in this research, 

the researcher intends to investigate the 

effect of resistance training on the levels of 

factors (HBA1c, Insulin, FBS, LDL, TC, 

WHR, HOMA-IR, VO2max, HDL-C, 

BMI, TG, Waist) in women with type 2 

diabetes. Check one. 

Materials and Methods 

The current research is cross-sectional. The 

statistical population of the current research 

was made up of women with type 1 diabetes 

who had a history of diabetes for more than 

12 years living in West Azarbaijan province 

with an age range of 54-60. First, the 

necessary information about the importance 

and method of the research was given to 

diabetic patients and after obtaining their 

informed consent, 20 of them were selected 

and randomly divided into two control 

groups (10 people) and experimental (10 

people) (with code of ethics no. 

IR.LUMS.REC.1401.293) were divided. 

The eligibility of the subjects includes not 

using alcohol, drugs, and food conditions 

and not having diabetic foot ulcers at the 

time of evaluation, not having amputations 

or neurological and orthopedic disorders 

caused by other diseases, not having 

Arthritis and joint rheumatism, no severe 

retinopathy, no abnormalities in the lower 

and upper limbs, no history of neurological 

and orthopedic disorders, and no history of 

surgery in the lower and upper limbs were 

confirmed by the doctor before entering the 

study. 

Blood Sampling Protocol 

Measurement of anthropometric 

parameters, including height, weight, 

subcutaneous fat (at three points of the 

chest, abdomen, and thigh), and estimation 

through the Jackson-Pollack three-point 

formula was done during a briefing session 

along with the explanation of the research 

objectives. 

BMI was calculated through the relevant 

formula (weight divided by height to the 

power of 2). The number of calories 

consumed by the subjects was recorded and 

calculated using a food memory form at the 

beginning and end of the exercise program 
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and 24 hours before blood sampling. 

Finally, according to the evaluation of the 

calorie intake of the subjects in both groups, 

in the pre-test and post-test and using the 

one-way ANOVA test, in addition, to 

measure the research variables, 48 hours 

before the start of the plan and again 48 

hours One hour after the end of the 24-week 

training period, blood was taken at rest at 

8:00 am and after about 10 hours of fasting 

at night, blood samples were taken from the 

antecubital vein while sitting. 

After blood collection, the samples were 

stored in a Bain-Marie incubator at 37°C 

for 30 minutes and then placed in a 

centrifuge at a speed of 3000 rpm for 10 

minutes to separate the serum. It was 

extracted, then 2 cc of serum samples were 

separated and frozen at 20°C to measure 

insulin hormone indices. The rest of the 

isolated serum was used to measure FBS, 

HOMA-IR, HbA1C, Pmol/l, glucose, total 

cholesterol, triglyceride, HDL, and LDL 

variables on the same day, biochemical 

measurements to measure glucose, 

cholesterol, HDL triglyceride, and LDL 

was used from Tactitiat RA-XT 1000 

autoanalyzer made in America and 

BioSystems kits made in Spain. 

And to measure glucose, the enzymatic 

glucose oxidase/peroxidase method was 

used to measure total cholesterol levels, the 

enzymatic method (cholesterol oxidase 

reaction with cholesterol esterase and 

peroxidase reaction) was used, to measure 

triglycerides, the enzymatic method (lipase 

hydrolysis, glycerol) was used. kinase) was 

used. The homogenization method was 

used to measure HDL and direct 

measurement and homogenization methods 

were used to measure LDL. 

Weight and body mass index (BMI) 

measurements of diabetic subjects were 

measured by the in-body composition 

device model 570, and body fat percentage 

(BFP) was measured by the three-point 

method (brachial, thigh, and upper arm) 

using the Harinden metal caliper (with 

(accuracy 0.05 mm) was measured and 

calculated by Jackson and Pollock's 

formula. To calculate (WHR), waist 

circumference was measured at the 

midpoint between the iliac crest and lower 

rib margin and hip circumference at the 

point of maximum gluteal protrusion from 

the side view to the nearest centimeter. 

Subjects were introduced to the laboratory 

for the analysis of blood factors before and 

after the training intervention (14). 

Resistance Training Protocol 

After evaluating the level of physical 

fitness of the subjects of the experimental 

group for 24 weeks, they participated in 

resistance exercises four sessions a week 

and each session lasted about 60 minutes. 

The training program includes a 10-minute 

warm-up with a variety of stretching and 

softening movements and then performing 

12 stationary movements in a circle in 30 to 

45 minutes. In the end, 10 minutes of 

cooling is considered. The stations include 

12 types of resistance exercises (leg press, 

chest press, chest press, shoulder press, 

forearm, back arm, let and row, squat, knee 

extension (quadriceps), knee bends 

(hamstrings, glutes, and hamstrings), sitting 

leg and (strengthening the twin muscle), 

plank and crunch. The exercise program in 

each session consisted of 4 rounds with 10-

12 repetitions and with an intensity of 40-

65% of a maximum repetition, the rest time 

between sets was 45-60 seconds and the 

rest time between each round was 90 

seconds. The principle of overload was 

designed in such a way that after every six 

training sessions, a test of one maximum 

repetition was performed for each person at 

each station, and 5% weight was added to 

it. The following formula was used to 

determine a maximum repetition (2). 

It should be mentioned that the exercise 

program of this research will be designed 

according to Kanoureh et al.'s program 

which was used in elderly and middle-aged 

people. Also, in this research, attention was 

paid to the special recommendations of the 

American College of Sports Medicine for 

elderly and middle-aged people (Jan Grestn 

Li et al 1997). During the training, all the 
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training steps were carried out under the 

direct supervision of the physical fitness 

and bodybuilding trainer. The limitations of 

this research included two categories: 

controllable limitations and uncontrollable 

limitations, controlled limitations include 

gender, age, and general health.  All 

subjects were in the age group of 50 to 65 

years and had no history of acute illness and 

were relatively healthy. 

Uncontrollable limitations also include 

subjects not controlling their excitement 

and anxiety, individual differences in terms 

of genetic characteristics and their 

hereditary characteristics in measuring 

some indicators, individual differences in 

subjects in terms of mental and 

psychological status during training 

sessions and the impossibility of fully 

controlling the possibility of contracting a 

disease or the injury was during the 

execution of the research. It should be noted 

that the selected people had no history of 

participating in any resistance training and 

were not suffering from heart diseases or 

special diseases. After filling out the 

consent form, the subjects were randomly 

divided into 2 resistance training groups (10 

people) and a control group (10 people). 

First, the general health questionnaire, 

physical activity level, and medical 

background were completed by the subjects 

to evaluate their initial condition. Then the 

body mass index was calculated using the 

ratio of weight to kilograms per square of 

height to meters, and the daily average of 

systolic and diastolic blood pressure was 

measured, and the doctor measured the 

resting heart rate of all of them at 8 to 9 in 

the morning, using a Beurer machine made 

in Germany with an accuracy of 1. 0 mm of 

mercury was measured at the training 

venue.  

It is worth mentioning that a preliminary 

session of one repetition maximum test 

(IRM) was performed using the Berziski 

method for all resistance movements so that 

finally the intensity of the exercise was 

performed based on the determined 

percentage of one repetition maximum for 

each person (Berziski et al 2010). Also, to 

control and equalize the amount of 

exercise, some of the subjects worked in 

one session two weeks before the start of 

the exercise program, according to the 

routine set in the sessions. Then, the 

maximum repetitions of the individuals in 

all the movements were recorded and the 

number of sets and repetitions specified for 

each training movement was multiplied and 

the training volume was calculated 

(ACSM). 

Statistical Analysis 

Data analysis using SPSS version 22 and 

Excel software, the analysis of covariance 

(ANCOA) test was used considering the 

pre-test as the co-variance (to evaluate 

between the control and experimental 

groups).  

Results 

The information in Table 1 shows that 

based on the results of the statistical tests 

used, there is a significant difference in the 

general and physiological variables of the 

subjects such as age, weight, height, body 

mass index, body fat percentage, and waist 

to hip ratio before from the beginning of the 

exercises. 

 
Table 1. General and physiological characteristics of subjects in two groups before starting the resistance training 

program. 

Variable Experimental group (n=10) Control group (n=10) P value 

Age (year) 54.50 ± 2.55 53.00 ± 1.70 0.098 

Weight (kg) 62.01 ± 1.45 63.08 ± 7.48 0.66 

Height (meter) 1.57 ± 0.04 1.58 ± 0.05 0.28 

Body mass index (kg/m2) 25.27 ± 1.53 25.15 ± 2.07 0.88 

Body fat percentage  26.38 ± 1.77 31.22 ± 1.31 0.33 

Waist to hip (ratio) 0.77 ± 0.06 0.86 ± 0.03 0.468 

Maximum oxygen consumption (ml/kg) 26.21± 2.61 25.14 ± 1.94 0.783 
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There was no difference between the two 

experimental and control groups (P > 0.05) 

and these results showed that the studied 

groups were homogeneous. 

To compare the effect of strength training 

on diabetes indicators in middle-aged 

women with type 1 diabetes, an analysis of 

covariance (ANCOA) test was used, 

considering the pre-test as a Corit. The 

results of this test are reported in Tables 2, 

3, and 4. The results of the analysis of 

covariance of the anthropometric indicators 

in Table .2 showed that after controlling for 

the pre-test effect, there is a significant 

difference between the two groups in the 

amount of body fat percentage, waist-to-hip 

ratio, and oxygen consumption after the test 

(P ˂ 0.05) while this difference in weight 

and body mass index is not significant (P ˂ 

0.05).  

Also, the results of the analysis of 

covariance of diabetes indicators in Table 

3.  showed that after controlling for the pre-

test effect, there is a significant difference 

between the two groups in the amount of 

glucose, insulin, insulin resistance, and 

glycosylated hemoglobin in the post-test (P 

˂ 0.05).

 
Table 2. Covariance analysis on the mean post-test scores of anthropometric indices. 

Definition Source of 

changes 

Sum of 

squares 

DF Mean 

square 

F ratio Significance 

level 

Eta 

squared 

weight (kg) pre-test 8.18 1 8.18 0.433 0.519 0.25 

 group 34.31 1 34.31 1.82 0.195 0.097 

 error 320.32 17 18.84    

Body mass index (kg/m2) pre-test 1.13 1 1.13 0.280 0.604 0.016 

 group 10.36 1 10.36 2.55 0.129 0.130 

 error 69.09 17 4.06    

Body fat percentage pre-test 30.63 1 30.63 49.46 0.000 0.744 

 group 8.09 1 8.09 13.071 *002.0 0.435 

 error 10.53 17 0.619    

Waist to hip (ratio) pre-test 0.002 1 0.002 0.581 0.456 0.033 

 group 0.018 1 0.018 5.41 *033.0 0.241 

 error 0.057 17 0.003    

 VO2max (ml/kg/min) pre-test 0.226 1 0.226 0.039 0.846 0.002 

 group 156.46 1 156.46 26.92 *001.0 0.613 

 error 98.81 17 5.81  0.519  

VO2max: Maximum oxygen consumption. 
* It indicates the significance of the variable between the two groups at the level P < 0.05 . 

 
Table 3. Covariance analysis on the average post-test scores of diabetes indicators. 

Definition Source of 

changes 

Sum of 

squares 

DF Mean 

square 

F ratio Significance 

level 

Eta 

squared 

Glucose (ml/dl) pre-test 190826.05 1 190826.05 5.58 0.030 0.25 

 group 190826.05 1 190826.05 10.88 *001.0 0.864 

 error 30071.55 17 1768.91    

Insulin (μU.ml) pre-test 28.05 1 28.05 5.27 0.035 0.237 

 group 309.96 1 309.96 58.21 *001.0 0.774 

 error 90.52 17 5.32    

Insulin resistance pre-test 17.07 1 17.07 2.29 0.148 0.119 

 group 938.06 1 938.08 125.91 *001.0 0.881 

 error 126.65 17 7.45    

Glycated Hb (ml/dl) pre-test 27.38 1 27.38 35.87 0.001 0.678 

 group 113.46 1 113.46 148.60 *001.0 0.897 

 error 12.98 17 0.76    

Hb: Glycated hemoglobin 
* It indicates the significance of the variable between the two groups at the level P < 0.05 . 

Also, the results of the covariance analysis 

of lipid profile indicators in Table 4 showed 

that after controlling the effect of the pre-

test (Corit), there is a significant difference 
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between the two groups in the amount of 

total cholesterol, high-density lipoprotein, 

and low-density lipoprotein in the post-test 

(P ˂ 0.05) while this difference in 

triglyceride level is not significant (P ˂ 

0.05).

 

Table 4. Covariance analysis on the average post-test scores of lipid profile indicators. 

Definition Source of 

changes 

Sum of 

squares 

DF Mean 

square 

F 

ratio 

Significance 

level 

Eta 

squared 

Cholesterol (ml/dl) pre-test 58.04 1 58.04 0.123 0.730 0.007 

 group 11006.68 1 11006.68 23.37 *001.0 0.579 

 error 8006.96 17 470.99    

Triglycerides (ml/dl) pre-test 2.60 1 2.60 0.001 0.927 0.001 

 group 7232.30 1 7232.30 3.64 0.073 0.176 

 error 33777.89 17 1986.93    

HDL (ml/dl) pre-test 224.76 1 224.76 2.96 0.0103 0.148 

 group 1866.21 1 1866.21 24.59 *001.0 0.0591 

 error 1290.14 17 75.89    

LDL (ml/dl) pre-test 674.31 1 674.31 2.41 0.139 0.124 

 group 10912.08 1 10912.08 39.04 *001.0 0.697 

 error 4752.19 17 279.54    

HDL: High density lipoprotein (ml/dl), LDL: Low density lipoprotein. 

* It indicates the significance of the variable between the two groups at the level P < 0.05. 

 

Discussion  

Considering the increasing prevalence of 

type 1 diabetes around the world and the 

fact that diabetes is one of the diseases in 

which the immune system is activated; 

Now this theory has been strengthened that 

one of the main factors of the close 

relationship between cardiovascular 

diseases and diabetes is the activation of the 

immune system and inflammation. The 

present study investigated the effect of six 

months of resistance training on the levels 

of indicators of type 1 diabetic patients 

(15,25). 

Based on the findings of the present study, 

resistance training on type 1 diabetic 

patients after 24 weeks of training led to a 

significant increase in HDL-C level and a 

decrease in LDL, total cholesterol, fat 

percentage, WHR, and triglyceride levels, 

However, this decrease in weight, 

triglyceride, and BMI were not significant, 

but the level of glucose, HBA1c, plasma 

insulin, and insulin resistance index in 

patients decreased significantly. Several 

factors can justify these effects in the way 

that physical activities cause changes in 

body composition, and some of these 

changes include reducing the percentage of 

fat, increasing energy consumption at rest, 

increasing bone density, increasing the 

volume of lean muscle mass, and reducing 

risk Diseases come back (6, 21). 

The results of this research were consistent 

with the initial studies by Patterson et al., 

which showed a significant reduction in 

A1C levels (from 10.3% to 7.6%), 

reduction in blood pressure, heart rate, and 

average body fat in 10 adults with type 1 

diabetes. Similarly, a study by Mosher et al. 

showed an increase in lean body mass and 

a significant improvement in A1C levels 

(from 7.72% 1.26% to 6.76% 1.07%) in 10 

adolescents with type 1 diabetes after 12 

weeks of exercise. It became circular (6,16, 

25). 

And also, in the study of Salem et al. in 

Egyptian children and adolescents with 

type 1 diabetes, including a combination of 

aerobic and resistance exercises, the results 

published in the group that regularly 

performed sports exercises, more 

improvements were observed than in the 

control group, so that improvements in 

waist circumference, lipid profile, and 

insulin dose were observed in both exercise 

groups, which were associated with an 

increase in training volume. Plasma glucose 

levels decreased rapidly during aerobic 

exercise, and as a result, within 10 minutes 
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after exercise, glucose levels were 

significantly lower than in the control 

group. While the reduction of glucose 

levels during resistance training was more 

gradual, with the difference that it became 

significant after 45 minutes of training 

compared to the control group (23). 

Contrary to previous studies, a small study 

by D'Hooge et al showed that a 

combination of aerobic exercise (30 

minutes) and strength training (30 minutes) 

performed twice a week improves muscle 

strength and endurance and reduces insulin 

dosage, It did not have a significant effect 

on body composition or A1C levels in 

patients with type 1 diabetes, however, 

participants in the D'Hooge et al. study 

were less cooperative and did not control 

their diet during the study, both of which 

could negatively affect the result (5). 

Also, Durak et al. divided 8 people into 2 

random groups in a cross-over design: 1 

group that had no activity for 6 weeks 

before participating in a 10-week resistance 

training program, and the second group 

after the implementation of the 10-week 

resistance training program. They rested 

completely for 6 weeks. This exercise 

consisted of 3 sessions per week (each 

session approximately one hour) of 

resistance exercises. After 6 weeks of the 

non-exercise group, the mean A1C was 

6.9% 1.4%, while immediately after the 

exercise it was measured at 5.8% 0.9% (p¼ 

0.05) and also reduced serum cholesterol 

and blood glucose levels (7). 

In a separate study, Ramalho et al 

randomized 16 previously sedentary 

participants with type 1 diabetes to 12 

weeks of aerobic exercise 3 times per week, 

and 12 weeks of resistance exercise 3 times 

per week. Although the reduction in A1C 

level found in the resistance training group 

was not statistically significant, aerobic 

training caused a significant increase in 

A1C (19). 

It should be noted that the benefits of 

resistance exercise in type 1 diabetes are 

less clear, but clinical trials show improved 

body composition and strength, increased 

insulin sensitivity, and possibly modest 

reductions in A1C. Compared to aerobic 

exercise, resistance exercise is associated 

with a lower risk of hypoglycemia for 

people with type 1 diabetes (3,17). 

Resistance training in adults with diabetes 

improves glycemic control (reflected by 

lowering A1C), It reduces insulin resistance 

and increases muscle strength, lean muscle 

mass, and bone mineral density, leading to 

improved functional status and prevention 

of sarcopenia and osteoporosis. Physical 

activity along with diet and drug therapy is 

one of the three cornerstones of type 1 

diabetes treatment and care (25, 27, 28). 

Several factors can justify these effects in 

such a way that physical activities cause 

changes in body composition, and part of 

these changes are related to the reduction of 

fat percentage and increase in muscle mass. 

Blood lipid disorders are among the adverse 

changes in diabetic patients, which cause 

the spread of vascular complications and 

increase the risk of cardiovascular diseases 

in these people, therefore, one of the 

treatment goals is to improve blood lipid 

disorders in patients with this disease 

(6,18). 

Physical activity and exercise have been 

considered one of the basic pillars of 

diabetes care and management for several 

decades, and the low cost and non-

pharmacological nature of physical activity 

increase its therapeutic importance. 

Previous findings indicate improvement in 

insulin sensitivity and resistance and a 

reduction in the use of hypoglycemic drugs 

after exercise (28). 

Exercise significantly increases the effect 

of insulin on skeletal muscle. The 

mechanism related to adaptive changes 

such as increased capillary density, 

increased growth rate of glucose carriers 

especially (GLUT4), and shift to insulin-

sensitive fibers and possible changes in the 

composition of sarcolemma phospholipids, 

increased glycolytic enzyme activity and 

increased glycogen activities It is 

synthetase (26). 
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Exercise increases AMP-activated protein 

kinase, which is caused by increased 

translocation of GLUT4 to surface 

membranes. AMPK activity also increases 

glucose transport by increasing the amount 

of cell surface GLUT4 in insulin-resistant 

skeletal muscle and mediates the effects of 

GLUT4 expression. Positive changes in 

blood sugar are mainly caused by the 

cumulative effects of reducing blood sugar 

levels several times with each exercise 

session (4). 

Aerobic exercise can alter the effect of 

insulin on each muscle fiber without 

increasing fiber size, while resistance 

training preferentially improves glucose 

uptake by increasing the size of each 

muscle fiber. Frequent muscle contractions 

during sports activities have an insulin-like 

effect and send a large amount of glucose 

into the cells to be used for energy 

production. These repeated contractions 

increase the number of GLUT4 and 

increase the permeability of the membrane 

to glucose (12,13). 

It also allows the muscle fibers during 

activity to have a relatively long period of 

low glycogen concentration, which can 

result in a decrease in blood sugar and 

fructosamine after a period of training. 

Also, Hal et al., in a study reported a 

decrease in insulin levels and an 

improvement in insulin sensitivity in 

patients with type 1 diabetes following 

aerobic and resistance training (10). 

Anaerobic exercises with resistance can 

improve the size, strength, and power of 

muscles, and hence it is used as a healthy 

therapeutic tool in elderly and sick people. 

Strength exercises can increase insulin 

sensitivity and daily energy consumption to 

improve the quality of life (21). 

Muscle contraction has an insulin-like role 

and sends a large amount of glucose into the 

cell to be used for energy production. 

Also, exercise leads to a decrease in the 

amount of mRNA necessary for the 

production of proinsulin and glucokinase in 

the pancreas. So, it appears that there are at 

least two cellular mechanisms to reduce 

insulin secretion. First, a decrease in 

proinsulin mRNA indicates a decrease in 

insulin synthesis in the liver. Second, since 

the presence of glucokinase in the liver is 

necessary for the sensitivity of pancreatic 

beta cells to insulin, Therefore, the 

reduction of glucokinase mRNA may lead 

to a decrease in the sensitivity of these cells 

to insulin and decrease its secretion (22). 

Also, among other possible reasons for 

positive changes in glycemic control in 

diabetic patients, it can be pointed out that 

after physical exercises, the protein content 

of insulin receptors and also the activity of 

protein kinase B, which plays an essential 

role in the transmission of insulin signals, 

increases, which can lead to a decrease in 

blood sugar. There is also the possibility 

that exercise causes changes in some 

cytokines, including the reduction of 

(retinol bound to protein 4), which as an 

adipokine is involved in regulating insulin 

action and carbohydrate metabolism, and is 

one of the effective factors in the 

occurrence of impaired glucose tolerance 

and its consequences, it has been identified 

as diabetes. As mentioned, exercise can be 

effective in reducing RBP4 and 

subsequently in insulin sensitivity and 

reducing glycemia in diabetics (13). 

In the present study, although an attempt 

was made to control the diet of the patients, 

it seems that there were limitations such as 

the lack of complete monitoring of the diet 

in the entire period, and also no complete 

control was performed on other non-sports 

physical activities. To fully understand the 

mechanisms involved in the results 

observed in this study, more detailed 

investigations are needed in the future. 

Overall, the findings of the present study 

confirm the undeniable beneficial effects of 

exercise in patients with type 1 diabetes 

(21). 

The mental condition and motivation of the 

subjects during the tests were beyond the 

control of the researcher, but the researcher 

tried to increase the motivation among the 

subjects. Furthermore, the subjects' training 
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level in the past and the subjects' genetic 

characteristics were uncontrollable. 

Conclusion 

It seems that regular resistance training for 

six months on diabetic patients, which has 

not been researched on type 1 diabetic 

patients for 24 weeks, has a positive role in 

controlling glycemic status, lipid profile, 

and body composition and improving 

insulin resistance, and preventing 

cardiovascular disease risk factors (27,28). 
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