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 Abstract 
Introduction: The main objective of this study was to evaluate the effect 

of combined exercise training on body composition index  (BMI), upper 

limb range of motion  (ROM), shoulder pain, and glucose homeostasis in 

type II diabetic patients after breast cancer  (BC) surgery. 

Material & Methods: The sample of the study included 30 individuals 

who underwent breast cancer surgery and were divided into two equal 

groups  (n=15): the experimental  (EG) and the control group  (CG). The 

EG had resistance exercise training  (with Pilates band) and aerobic 

exercise training with 50%-70% maximum heart rate, and CG had their 

usual life  (n=15). The training sessions were planned as three days per 

week for 8 weeks. All individuals' BMI, ROM, pain, and glucose 

homeostasis were evaluated before and after training. 

Results: According to the measurements, the study showed that 8-week 

resistance–endurance exercise significantly reduced BMI  (P <0.05). The 

results also demonstrated a significant reduction in fasting blood sugar, 

HOMA-ir, and HbA1C in EG  (P <0.05). After 8 weeks of exercise, a 

significant improvement in flexion and extension of the shoulder, and 

elbow; the internal and external shoulder rotation was observed  (P 

<0.05). However, the pain, weight, WHR, and subcutaneous fat were not 

significantly changed. 

Conclusion: The results of this study showed that 8 weeks of combined 

resistance- aerobic exercise training can reduce body mass index, and 

increase the upper limb ROM and glucose homeostasis in women with 

type II diabetes in BC survivors. 
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1. Introduction 

Breast cancer is the most common malignancy in 

women and the main cause of morbidity and mortality and its 

prevalence is increasing. Today, one out of every eight 

women in the world is at risk of breast cancer.  There are 1.67 

million new cases of breast cancer in the world each year and 

458,000 annual deaths (1). On the other hand, in Iran, 16% of 

all cancers are related to breast cancer and it ranks first among 

Iranian women. Breast cancer can be a genetic disease caused 

by a series of mutations in human genes. In the human body, 

there are millions of cells with a special order, and disrupting 

this order destroys tissues and organs and finally death (2). In 

solid tumors, vascular impairment that results in poor blood 

supply is an important mechanism of resistance to 

chemotherapy and also promotes metastasis (3). Tumors 

lacking adequate oxygen delivery adapt to the resultant 

hypoxic environment by metabolizing glucose without 

oxygen  (anaerobically) to produce energy. Combining 

chemotherapy treatment with inhibition of glycolysis would 

be expected to improve overall therapeutic efficacy  (4). In 

addition, Epidemiological studies demonstrate an association 

between breast cancer  (BC) and systemic dysregulation of 

glucose metabolism. Insulin resistance  (IR) has also been 

associated with BC incidence and poor survival  (5, 6). 

Minghui et al showed that BC-derived extracellular vesicles  

(EVs) suppress pancreatic insulin secretion to impair glucose 

homeostasis. EV-mediated impairment of whole-body 

glycaemic control may contribute to tumor progression and 

incidence of type 2 diabetes in some BC patients  (7). Taking 

some drugs directly and indirectly leads to an increase in 

blood sugar and diabetes. Research has shown that 

corticosteroids work against insulin and lead to an increase in 

blood sugar (8). Diabetes mellitus has been associated with 

increased breast cancer  (BC) risk; however, the magnitude 

of this effect is uncertain. One of the factors that put people 

with breast cancer at risk of developing diabetes is estrogen 

resistance in the semi-therapeutic stages. The use of some 

drugs such as glucocorticoid in the semi-therapeutic stages 

can increase a person's blood sugar (9).On the other hand, 

alterations in physical and cognitive function during cancer 

treatment are pervasive. It is estimated that 25–99% of 

patients undergoing cancer treatment suffer from cancer-

related fatigue  (10). Pain is one of the most common side 

effects of radiotherapy in breast cancer treatment Irradiation 

of the muscles and connective tissues within the shoulder 

joint can also lead to the formation of fibrosis and atrophy. 

Neuropathic pain can also occur following the use of 

hormonal therapy with aromatase inhibitors. This pain occurs 

in about 50% of women who survived breast cancer (9). Body 

composition changes in patients with breast cancer typically 

occur during menopause or as a result of chemotherapy or 

endocrine therapy. Dysfunction of visceral adipose tissue  

(VAT) in the setting of obesity underlies insulin resistance 

and chronic inflammation, which can lead to breast cancer 

development and progression. Insulin resistance and chronic 

inflammation are also observed in patients with breast cancer 

who have sarcopenia or sarcopenic obesity. A better 

understanding of the biology of body composition 

phenotypes is key to determining the best intervention 

program for patients with breast cancer (2). Many breast 

cancer survivors experience shoulder and arm dysfunction 

(11), Shoulder and arm pain, restricted motion, upper-limb 

weakness, sensory change, and edema are common 

complaints. Operations and radiation that involve the breast 

and axilla are routinely performed for the treatment of breast 

cancer, and these procedures directly involve the 

neuromusculoskeletal tissues around the shoulder girdle 

regions. Those injuries as well as post-surgical pain, scar 

tissue formation, and protective posturing may lead to 

shortening of the anterior chest wall and could cause changes 

to the resting alignment of the shoulder girdle, limited ROM 

of the shoulder, and rotator cuff injury  (11). 

The failure of prior research to apply the exercise 

principles may largely explain the heterogeneity observed 

across study outcomes in various studies  (12-14). Despite the 

well-documented neuromuscular and functional adaptations 

resulting from strength training, very few studies have, 

somewhat surprisingly, investigated the effects of strength 

training in the initial critical phase of breast cancer treatment. 

Furthermore, the few previous studies that have applied 

strength training also appear to have applied low to moderate 

loading intensities (15-17)  ( Relatively few data are available, 

from studies aimed at identifying the most effective aerobic 

training protocol, in terms of exercise modality, timing, and 

duration, to increase cardiorespiratory fitness and lower the 

risk of cancer-related mortality (18, 19).  

Therefore, the current study aimed to examine if 

combined exercise impact on BMI, ROM, pain, and glucose 

homeostasis in breast cancer survivors scheduled for adjuvant 

treatment. Specifically, it was hypothesized that upper limb 

ROM and glucose homeostasis, pain, insulin resistance, and 

BMI would be superior after the intervention in patients 

receiving combined resistance and endurance exercise as a 

part of the adjuvant therapy, compared with standard 

treatment alone. 

2. Materials and methods  

30 eligible breast cancer (BC) survivors (age 35-65 

years) were recruited in this clinical trial study. The eight-

week exercise intervention was designed based on combined 

resistance exercise (elastic Pilates band) and endurance 

training (60 min, three days per week). Samples were divided 

into two equal groups: experimental (EG) and control group 

(CG) Table 1. 
Table 1. A summary of the research method 

Groups Exam Intervention Exam 

Experimental 

(EG) 

Pre-test eight weeks of 

combined 

training 

Post-exam 

Control(CG) Pre-test No intervention Post-exam 

 

2.1. Subjects 

Analysis and reporting of this study was following the 

recommendations of the Consolidated Standards of Reporting 

Trials (CONSORT) statement. The study was approved by 

the ethical committee (IR.IAU.RASHT.REC.1396.157), 

Rasht Branch, Islamic Azad University, and was conducted 

by adhering to the Declaration of Helsinki. Inclusion criteria 

for eligibility were the following: woman aged 35–65 years; 

diagnosed with BC; no evidence of tumor recurrence or 

metastasis; ≤ 5 years after last anti-cancer treatment 

(chemotherapy or radiotherapy); BC with type II diabetes 

mellitus; absence of orthopedic, blood, cardiovascular and 

liver diseases, not drinking alcohol and smoking, and signing 
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the written informed consent. Subjects were excluded if they 

presented one or more of the following conditions: unable to 

perform the exercise sessions due to mobility limitations; 

treated with beta-blockers. A special health questionnaire was 

used to find out about the health status of the patients. 

The statistical population of this research consisted of 

400 women with breast cancer who had been referred to the 

Iran Radiotherapy Center in Rasht.30 inactive breast cancer 

survivors (less than 150 min activity in a week) according to 

the research criteria, volunteered in this study. The volunteers 

were randomized into two groups: the control group (CG = 

15), the control group gave standard treatment, and the 

combined endurance – Pilates exercise group (EG = 15). 

Finally, 15 patients from each group managed to complete the 

research period. 

 

2.2. Measurements 

All measurements were done at 8-9 am. The 

anthropometric characteristics of the subjects were assessed. 

Height and weight were measured with a digital scale 

(SOEHNLE, Germany). Waist and hip circumference were 

measured using a tape measure. It was calculated by dividing 

the waist circumference by the hip circumference (WHR). Fat 

percentage and BMI were measured with body composition 

inbody270 (USA). Patients were asked to refrain from eating 

heavy food and drinking 3 hours before the test. 

 

2.3. Shoulder Pain assessment 

McGill questionnaire was used to measure shoulder 

pain during movement. 

Using the McGill questionnaire, the pain level of the 

subjects during the movement of the shoulder joint was 

evaluated. The said questionnaire has 11 items related to pain 

sensory components (throbbing pain, stabbing pain, stabbing 

pain, sharp, twisting, tearing, feeling hot and burning, having 

pain, heaviness, sensitivity, and separation) and emotional 

components of pain including Excessive fatigue, discomfort, 

fear, brutality and punishingness of pain were also graded 

visual criteria of pain and choosing one of 6 criteria of pain 

intensity (from painless to excruciating), which was 

completed by asking the studied units. 

The questionnaire has 20 items that examine people's 

perception of pain in terms of sensory perception, emotional 

perception, evaluation perception, as well as various pains. 

The items are scored based on the table of pain dimensions. 

The total score ranges from 0 to 82. This questionnaire was 

reviewed for use in Iran, and its validity and reliability were 

confirmed. For example, Noura et al. reported the total 

Cronbach's alpha of this questionnaire as 0.85, and 

Cronbach's alpha of all four components above in the 

Khosravi et al study was  0.80 (20, 21). 

 

2.4. Glucose hemostasis measurement  

From each participant, blood venous samples (5ml) 

were obtained after an overnight (10 to 12 hours) fast before 

and after the study (at 8:00 a.m.). Plasma fasting blood sugar 

(FBS) was measured on an autoanalyzer by the Glucokinase 

method with used Pars Azmoun Kit (Pars Azmoun Co, 

Tehran, Iran). Hemoglobin A1C (HbA1c) was measured by 

the Auto analyzer with the biochemical kit of Pishtaz Kit 

(Pishtaz Teb Co., Tehran, Iran). Serum insulin was measured 

using ELISA kits (Monobind kit, USA). The homeostasis 

model assessment for insulin resistance (HOMA-IR) was 

calculated as follows: 
Fasting glucose (mg/dL) × fasting insulin (mU/L) / 405 

 

2.5. Range of motion measurement 

We defined shoulder ROM as the range through 

which the participant could move the shoulder while 

maintaining a neutral thorax. Measurements were taken with 

a single plastic universal goniometer (Germany) with the 

participant positioned supine on a plinth-like platform, using 

standardized procedures (22) to measure ROM. The range of 

motion was measured in a supine position to decrease 

variability related to the placement of the thorax. Active 

shoulder flexion and extension, as Internal and external 

rotations (with the shoulder in 90° of abduction) were 

measured bilaterally, using the unaffected shoulder 

(measured first) for comparison. Three consecutive 

measurements were taken in each plane, with trials averaged 

for the final score.  

 

2.6. Exercise program 

EG participated in supervised 60-minute group classes 

(including 10-minute warm-up and cool-down periods) 3 

times per week for 8 weeks led by certified exercise 

physiologists or fitness trainers. Training sessions started 

with a 10-minute warm-up consisting of respiratory and 

mobility exercises. The volume of resistance and aerobic 

exercise gradually and progressively increased from low to 

moderate intensity over 4 weeks of training to provide 

continuous overload and then remained steady for 4 weeks 

(Table 2). On other days of the week, they were advised to 

walk for 30 to 60 minutes a day, do breathing exercises, and 

perform movements that increase the range of motion of the 

shoulder. A week before the start of the research, the exercise 

instructor verbally educated the participants about the side 

effects related to the exercise programs. 

In the first four weeks, resistance exercises were 

performed with a yellow elastic band while standing and 

sitting on a chair for 20 minutes at an intensity level of 11–12 

(i.e. fairly easy to moderate) on the 6 to 20 Borg’s rating of 

perceived exertion (RPE) scale. In the second four weeks, 

training continued with a red elastic band with an intensity 

score of 12–13 on Borg’s scale (i.e. moderate to severe). 

These exercises were done with a focus on increasing the 

lymphatic flow through the effect of continuous muscle 

contraction on the lymph nodes. Resistance training was also 

individually supervised and included exercises with elastic 

bands that involved the major muscle groups (i.e. biceps, 

triceps, chest, deltoid, back, and abdominal muscles). 

Participants performed 4–7 exercises per session depending 

on their perceived fatigue, with 3-5 sets per exercise (3 sets 

of 9-15 repetitions during weeks 1–4, 5 series of 9-15 

repetitions during weeks 5–8, and a rest period of 30-60 

second between sets and 30 seconds between exercises. Thus, 

each participant progressed in training intensity such as to 

maintain the aforementioned RPE score throughout the 8-

week intervention period. After the resistance training, the 

program of aerobic exercises including treadmill (Turbo 2200, 

Taiwan), bike, and elliptical exercise training was performed 

with an intensity of 50-70% of the maximum heart rate. The 

aerobic component of the session lasted approximately 20 
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minutes and was divided into three consecutive periods of 5–

10 minutes, in which patients could choose to perform 

individually supervised cycle-ergometer pedaling, treadmill 

running, or elliptical ergometer exercise. The aerobic 

exercises (AET) consisted of low-impact aerobic exercises 

designed to increase heart rate (HR) by working large muscle 

groups of the lower body. In the first to fourth week of the 

study, each training session consisted of AET, with a 

maximum heart rate of 50% to 60% of maximum heart rate 

(MHR) at an intensity level of 11–12 RPE, and from the 

fourth to the eighth week, the MHR increased to 60% - 70% 

at an intensity level of 12–13 RPE. During this time, the daily 

and normal activities remained constant in the CG. 
 

Table 2. Summary of the training method 

Resistance exercises Aerobic exercises week 
Color 

of 

band 

Type of 

movement 

set 

number 

numbe

r of 

repetiti

ons 

Rest 

(second) 

Intensity 

(percentag

e of 

maximum 

heart rate) 

durati

on 

(minu

tes) 

 

yello

w 

4-7 3 9-15 30-60 50-60 20 1-4 

red 4-7 5 9-15 30-60 60-70 20 4-8 

 

2.7. Statistical analysis 

Data are shown as mean ± standard deviation (SD). 

The paired and independent t-test was used for within and 

between-group differences respectively. Shapiro-Wilk test 

was used to determine the normality of the data distribution. 

Statistical analysis was done with SPSS statistical software 

version 21 and P-values less than 0.05 were considered 

statistically significant. 

3. Results 

The average age and height of BC survivors were 

50.53±7.62 years and 161±5.79 cm respectively. The 

Shapiro-Wilk test also showed that the research variables had 

a normal distribution. Table 3 shows the anthropometric 

variables, table 4 shows glucose homeostasis variables, and 

Table 5 shows the amount of pain & the upper limb Range of 

motion of BC survivors. 
 

Table 3. Anthropometric variables of BC survivors (n=30 in each 

group) 
variable group Pre-test 

M±SD 

Post-test 

M±SD 

Paired t-test 

Weight (Kg) EG 69.66±19.14 67.73±9.6

6 

.153 

CG 67.88±15.23 68.06±15.

03 

.396 

Independent t-

test 

 .697 .08  

BMI(Kg/m2) EG 27.13±2.51 26.20±2.4

6 

.001* 

CG 27.54±2.85 27.76±2.8

7 

.123 

Independent t-

test 

 .671 .001*  

Subcutaneous 

fat% 

EG 37.30±5.10 36.92±4.9

6 

.007* 

CG 36.90±4.84 36.90±4.9

0 

1.00 

Independent t-

test 

 .827 ./08  

WHR EG .81±.06 .81±.05 .294 

CG .83±.12 .83±.11 .797 

Independent t-

test 

 .308 .308  

EG: Experimental group, CG: control group, BMI: Body mass index, WHR: 
Waist–hip ratio 

* statistics significant P<0.05 

 

The results of Table 3 showed that in the EG, there 

was a significant decrease in subcutaneous fat percent and 

body mass index in the post-test compared to the pre-test. The 

results of the independent t-test showed a significant decrease 

in BMI in the experimental group compared to the control 

group in the post-test.  
 

Table 4. Glucose homeostasis variables of BC survivors (n=30 in 

each group) 
variable group Pre-test 

M±SD 

Post-test 

M±SD 

Paired 

t-test 

FBS(mg/dl) EG 127.16±12.47 120.06±15.83 .004* 

CG 128.76±10.06 126.76±11.66 ./208 

Independent t-test  .702 .049*  

Insulin(IU) EG 5.04±1.82 4.70±1.63 .005 

CG 5.37±1.64 5.36±1.72 1/00 

Independent t-test  .604 .024*  

HbA1C (%) EG 5.92±.59 5.76±.43 .032* 

CG 6.26±.47 6.31±.48 .261 

Independent t-test  .477 .013*  

HOMA-Ir EG 28.30±10.71 25.32±10.42 .001* 

CG 31.07±10.29 30.78±10.68 .66 

Independent t-test  .477 .007*  

EG: Experimental group, CG: control group, FBS: fasting Blood Sugar, 
HbA1C: Hemoglobin A1C, HOMA-Ir: Homeostatic Model Assessment for 

Insulin Resistance 

 * Statistics significant P<0.05 

 

Compared to the pre-test, the results showed a 

significant decrease in the HbA1C & HOMA-Ir in the post-

test of the experimental group. Also, the results indicated that 

combined aerobic–resistance exercises were effective on FBS, 

insulin, HbA1C, and HOMA-Ir in BC survivor women. 
 

Table 5. The amount of pain & the upper limb Range of motion of 

BC survivors (n=30 in each group) 
variable group Pre-test 

M±SD 

Post-test 

M±SD 

Paired 

t-test 

Pain EG 32.66±3.39 31.80±2 .103 

CG 33.46±4.89 33.93±5.10 .150 

Independent t-test  .607 .58  

Shoulder flection (0) EG 113.85±15.60 141.38±18.31 .001* 

CG 112.42±18.89 112.08±19.07 .057 

Independent t-test  .822 .001*  

Shoulder extension (0) EG 119.32±19.67 141.57±19.88 .001* 

CG 119.82±22.70 119.47±22.91 .037* 

Independent t-test  .499 .001*  

Shoulder Internal rotation(0) EG 54.77±7.18 64.54±8.13 .001* 

CG 55.44±7.81 55.49±7.59 .637 

Independent t-test  .810 .001*  

Shoulder external rotation(0) EG 52.37±6.77 60.80±7.73 .001* 

CG 53.84±6.56 54±6.54 .155 

Independent t-test  .551 .001*  

Elbow flection(0) EG 109.45±12.32 123.01±12.59 .001* 

CG 109.92±12.11 110.57±11.89 .301 

Independent t-test  .919 .001*  

Elbow extension(0) EG 110.79±13.20 123.54±12.18 .001* 

CG 112.72±12.18 113.30±11.71 .359 

Independent t-test  .681 .001*  

EG: Experimental group, CG: control group, (0): degree * statistics 
significant P<0.05 
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The results indicated that combined exercises 

were effective on Upper limb Range of motion, but 

did not affect pain in BC survivors. 

4. Discussion 

The purpose of this study was to determine the effect 

of combined endurance–reistance exercise training on body 

composition, upper limb range of motion, shoulder pain, and 

glucose homeostasis in type 2 diabetic patients after breast 

cancer surgery. Findings of the present study concerning 

body composition showed a significant decrease in BMI in 

EG compared to the CG group. However, this difference in 

weight, body fat percentage, and WHR was not significant. 

Brown et al. showed that after 52 weeks, compared with 

control, diet alone and exercise plus diet reduced body weight; 

exercise alone did not change body weight. Compared with 

control, diet alone and exercise plus diet reduced fat mass, 

and visceral adipose tissue area; exercise alone did not change 

fat mass and visceral adipose tissue area in Survivors of BC 

with overweight or obesity (23). On the other hand, the results 

of another study showed that after 16 weeks of training, in 

addition to a significant decrease in body mass index in the 

exercise group compared with baseline and the usual care 

group, The exercise group experienced significant decreases 

in body weight and all indicators of adiposity (fat mass, body 

fat, and trunk fat) compared with baseline and the usual care 

group in overweight or obese Survivors of BC (24). It is also 

well documented that over two-thirds of breast cancer 

survivors are overweight or have obesity(25), Current 

guidelines advise overweight females to avoid gaining weight 

and females with obesity to lose weight after treatment to 

improve breast cancer outcomes(26). Therefore, reducing 

BMI and percent body fat while maintaining or increasing 

LBM may have strong clinical benefits. 

The present study showed that significant decrease in 

serum insulin, HOMA-Ir, and HbA1C.The benefit observed 

in the current study is impressive and parallels the findings of 

Dieli-Conwright et al. that 16-week exercise training caused 

significant reductions in all biomarkers, including those that 

are related to insulin resistance containing glucose, HOMA-

ir, and insulin in overweight or obese Survivors of BC (24). 

D’Alonzo et al. After conducting a randomized controlled 

trial consisting of four intervention groups comparing the 

individual and combined effects of exercise and weight loss 

in breast cancer survivors with excess body weight and 

lymphedema, concluded that weight loss with or without 

exercise led to significant reductions in insulin and insulin 

resistance. They observed decreased insulin, C-peptide, 

HOMA2-IR, and HOMA2-β levels with a weight loss 

intervention and a combined weight loss and exercise 

intervention but did not observe any change in insulin levels 

or insulin resistance in the exercise group. This study 

reinforces the current association between markers of insulin 

resistance and body composition(27). Virto et al. showed that 

after 12-week combined exercise intervention resulted in a 

reduction in HbA1c levels, but this change was not associated 

with changes in body composition(28). Schmidt et al. (2017) 

reported significant reductions in HbA1c following a 24-

week walking training program(29). However, other studies 

failed to find significant differences in HbA1c values. Guinan 

et al. (2013) reported no significant change in HbA1c values 

after 8 weeks of aerobic intervention(30). Moreover, studies 

that have conducted aerobic interventions of longer duration 

in cancer patients have also failed to find significant 

differences in HbA1c levels (31, 32). One of the reasons that 

could explain the significant reductions in HbA1c values 

could be that the training sessions were supervised. Thus, 

interventions that were not fully supervised failed to find 

significant differences. Another reason that could partially 

explain the different results obtained would be the mode of 

training, as most of the studies that did not find significant 

differences only included aerobic exercises. 

Compared with the control group, the exercise group 

experienced significant increases in shoulder active range of 

motion (the mean between-group differences and 95% 

confidence intervals (CIs) were as follows: shoulder flexion, 

external rotation, and external rotation. 

Significant improvements in upper extremity 

volitional mobility following participation in combined 

exercise training have been reported previously in women 

with BC. The results of the present study are consistent with 

contemporary literature, including the most recent Cochrane 

review by McNeely et al,(33) which concludes that exercise 

results in meaningful improvements in the aforementioned 

measures of upper extremity functional capacity. Cho et 

al.(34) suggested that a 10-week, multimodal group 

intervention including aerobic exercise at 40% to 60% of the 

maximal heart rate and home-based stretching techniques 

caused significant changes in shoulder strength and active 

range of motion compared with the control group. Courneya 

et al.(15) examined the effects of progressive resistance 

exercise during concurrent chemotherapy treatment (average 

of 17 weeks) on muscular strength, reporting associated 

correlative increases in health-related quality of life. Sweeney 

et al. showed that a supervised 16-week aerobic and 

resistance exercise intervention led to significant 

improvements in upper extremity functional mobility, 

including active range of motion, strength, and perceived 

limitations to activity and participation. 

Resistance exercise was included in our intervention 

to elicit an impact on lean mass and glucose metabolism. 

Aerobic exercise has traditionally been viewed as the main 

mode of exercise that is effective at reducing waist 

circumference, fasting glucose, HDL-C, and triglyceride (30, 

35, 36). Resistance exercise induces changes in insulin 

sensitivity by increasing lean body mass, and glucose storage, 

facilitating glucose clearance from circulation, and reducing 

the amount of insulin that is required to maintain normal 

glucose tolerance in obese adults(37). Combined aerobic-

resistance exercise decreases metabolic syndrome in 

dyslipidemic patients (38), and obese postmenopausal 

females (39), similar to our study. Thus, combining resistance 

and aerobic exercise may improve metabolic health-related 

outcomes more than aerobic exercise alone, although no 

randomized controlled trials have directly addressed this 

question in survivors of breast cancer. Insulin resistance is 

associated with increased cancer recurrence and 

mortality(40), which probably promotes the survival and 

growth of the remaining cancer cells; thus, the decreases in 

circulating insulin and HOMA-IR with exercise that was 

observed in the current study represent an additional 

mechanism that might translate into survival benefits. 

Whereas a variety of exercise approaches have been shown to 

reduce insulin levels in survivors of cancer(41), it is unclear 

which exercise methodology will provide optimal results. 
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Future studies that evaluate exercise periodization, design, 

conditioning, and intervention periods on insulin sensitivity 

are needed to best advise clinical practice and patient care. 

Strengths of our study include a focus on high-risk 

survivors of BC with diabetes type II, inactivity, and 

overweight/obesity; the comprehensive assessment of insulin 

resistance and hemostasis; and the randomized controlled 

trial design. Limitations include possible recruitment bias, a 

lack of intervention reproducibility with high adherence 

outside of a supervised setting (eg, home-based or virtually 

coached exercise interventions), lack of an attention control 

group, and limited frequency of dietary recall information. 

Conclusions 

Eight-week endurance resistance exercise effectively 

improved glucose hemostasis, shoulder function, and BMI 

following breast cancer treatment in women who were 

overweight or obese, who were ethnically diverse, and who 

had breast cancer. 

Our findings support eight-week supervised aerobic 

and resistance exercise as an effective strategy to attenuate 

glucose homeostasis, and body composition, and effectively 

improve shoulder function in survivors of BC in females who 

were overweight or obese. Our findings support the 

incorporation of supervised clinical exercise programs into 

breast cancer treatment and survivorship care plans. The 

results of this research are inconsistent with the research of 

Burno et al. (2018), and Moraharigan et al. (2016) and 

consistent regarding fat percentage and weight with Akyol et 

al (2016) (1). Among the possible reasons for the disparity 

between the present research and the study of Burno et al., it 

can be mentioned that the said research was conducted for 

three months and only aerobic exercises were used every day, 

similarly, in the study of Murat Akyol et al. aerobic exercises 

were performed between 40 and 60 minutes. 

The present study showed that the subjects' BMI 

decreased significantly, but other body composition indices 

did not change significantly. Regarding the studies, it was 

shown that the effect of six months of aerobic exercise on 

BMI (body mass index) and body fat percentage in women 

who exercised has a significant decrease, so that regular 

moderate to intense aerobic exercise can reduce body fat 

without reducing calorie intake. It has been shown in 

numerous studies that a certain volume and intensity are 

needed to make significant changes in the body composition 

of a person. Postmenopausal women can reduce body fat and 

BMI (body mass index), which are important risk factors for 

breast cancer if they do long-term aerobic activity with 

moderate intensity for 3 days a week. But if the exercises are 

not done with the right time and intensity, it is probably not 

possible to expect significant changes in fat mass and 

subsequent reduction of other body composition indicators. 

There was a significant difference in glycosylated 

hemoglobin, but this difference was not significant in the 

insulin resistance index. However, there was a significant 

change in the insulin resistance index compared to the pre-

test in the experimental group. A period of sports training 

could have a significant effect on the variables of glucose, 

insulin, and glycosylated hemoglobin, but it was not effective 

on the index of insulin resistance. These findings contradicted 

the results of some studies and confirmed some of them. The 

results of the current research were inconsistent with Barno 

et al. (2018). One of the possible reasons for the inconsistency 

of the present results with the research of Barno et al. is that 

the exercises were performed for three months and only 

aerobic exercises were used every day. 

After 8 weeks of combined training, the range of 

motion of the subjects showed a significant difference 

between the experimental group and the control group in the 

range of motion of shoulder flexion and extension, shoulder 

internal and external rotation, elbow flexion and extension. 

The range of motion of shoulder flexion and extension, 

shoulder internal and external rotation, elbow flexion, and 

extension of the subjects also improved after 8 weeks of 

combined training. These findings contradicted the results of 

some studies and confirmed some of them. The results of this 

research were consistent with the results of Kias et al. (2018) 

and contradicted with the results of Foley et al. (2018). In 

resistance exercises, usually, the movements are accepted 

through the full range of motion and are done by the body 

position considering the safety of the athlete. The position of 

the muscle (toward full ROM) requires that it experience 

greater lengthening and a certain tensile load, which leads to 

the uniformity of stimuli caused by the applied load, and 

requires more forces in the starting position. This can be 

explained by the fact that a greater range of motion is required 

for a set of exercises with dumbbells compared to barbells 

(for example, dumbbell bench press vs. barbell bench press). 

Therefore, contraction force is exerted through a higher 

amount of range of motion (higher ROM). Research has 

shown that muscle activity that involves greater ROM causes 

more damage to the muscle, thus creating a higher functional 

stimulus. Of course, the effect of sports training on people 

with special limitations such as disease, pain, increasing age, 

etc. requires a long period (7). However, the subjects of this 

research, had movement restrictions in the upper body due to 

breast surgery, naturally, 8 weeks of resistance training can 

create significant changes in the first weeks of training. 

There was no significant difference between the two 

study groups in the pain level of the research subjects after 8 

weeks of the mentioned exercises. These findings 

contradicted the results of some studies and confirmed some 

of them. The present results were inconsistent with the 

research of Bruce et al. (2018), and Kias et al. (2018).In 

Bruce's research, 350 subjects were used, naturally, a larger 

number of subjects can provide more accurate results. Most 

of the pains go away immediately after the painful stimulus 

is removed and the body heals, but sometimes the pain 

continues despite the removal of the stimuli and the physical 

improvement of the body; sometimes the pain is increased 

due to the lack of identifiable conditions, injury or pathology 

(3). Further research is needed to elucidate if the benefits 

provided by high-intensity concurrent training are superior to 

those elicited by moderate-intensity training in breast cancer 

survivors. 

5. Conclusion 

The results of this research showed that 8 weeks of 

combined exercise in women with type 2 diabetes after breast 

cancer surgery could affect BMI, glucose, insulin, 

hemoglobin A1C, range of motion of shoulder flexion and 

extension, shoulder internal and external rotation, flexion and 

elbow extension is effective But, no significant change was 

observed in body fat percentage, weight, insulin resistance 

index, and pain after these combined exercises. Overall, the 

results of this research showed that 8 weeks of combined 

exercises can probably be beneficial to body mass index, 
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glucose homeostasis, and upper limb range of motion in 

women with diabetes after breast cancer surgery. 

6. Acknowledgment 

We would like to extend sincere appreciation to the 

people who participated in the study. 

 
Conflict of interests: The authors declare that they have no conflict of 

interest relating to the publication of this manuscript. 

 

 

References 
[1] Akyol M, Demir L, Alacacioglu A, Ellidokuz H, Kucukzeybek Y, 

Yildiz Y, et al. (2016) The Effects of Adjuvant Endocrine Treatment on 
Serum Leptin, Serum Adiponectin and Body Composition in Patients with 

Breast Cancer: The Izmir Oncology Group (IZOG) Study. Chemotherapy. 

61:57–64. 

[2] Andrea Giacalone, Paola Alessandria,Enzo Ruberti(2019) The 

Physiotherapy Intervention for         Shoulder Pain in Patients Treated for 

Breast Cancer Department of Industrial Engineering, University of Tor 
Vergata, Roma, ITA 2. Department of      Physical Therapy, University of 

Turin, Turin, ITA 3. Department of Neurology, Sapienza University,  

Roma, ITA. 
[3] Brand JS, Onland-Moret NC, Eijkemans MJ, Tjonneland A, 

Roswall N, Overvad K, et al (2015) Diabetes and onset of natural 

menopause: results from the European Prospective Investigation into 
Cancer and Nutrition. Hum Reprod;30: 1491–1498.  

[4] Chung Ho Lee, MD, Seong Yun Chung, MD, Woo Young Kim, MD, 

PhD, and Seung Nam Yang, MD, PhD , 2019 May; 98(19): e15524. Effect 
of breast cancer surgery on chest tightness and upper limb dysfunction. 

[5] De Luca V, Minganti C, Borrione P, Grazioli E, Cerulli C, Guerra 

E, et al. (2016). Effects of concurrent aerobic and strength training on 
breast cancer survivors: a pilot study. Public Health; 136:126-32. 

[6] Souto Barreto P, Delrieu J, Andrieu S, Vellas B, Rolland Y (2016) 

Physical activity and cognitive function in middle‐aged and older adults: 

an analysis of 104,909 people from 20 countries. Mayo Clin  

Proc.;91:1515‐1524. 

[7] Toshiaki Iwase , Xiaoping Wang , Tushaar Vishal Shrimanker , 

Mikhail G Kolonin , Naoto T Ueno , 2021 Apr;186(2):273-283.  . Body 

composition and breast cancer risk and treatment: mechanisms and impact 
[8] Yifan Lun Lu, Ali Hajjar, Vincent L. Cryns, Amy Trentham-Dietz, 

Ronald E. Gangnon, Brandy M. Heckman-Stoddard, Oguzhan Alagoz , 19 

December 2022, Y Breast cancer risk for women with diabetes and the 
impact of metformin  

[9] Yuling Yang , Danfeng Gu , Yuan Qian , Huihong Wang , Xiaoying 

Chai ,2021 Mar;10(3):3396-3403. Effectiveness of aerobic exercise on 
upper limb function following breast cancer treatment: a systematic review 

and meta-analysis 
[10] Giacalone A, Alessandria P, Ruberti E. The physiotherapy 

intervention for shoulder pain in patients treated for breast cancer: 

systematic review. Cureus. 2019;11(12). 

[11] 13. 2. Lu Y, Hajjar A, Cryns VL, Trentham‐Dietz A, 

Gangnon RE, Heckman‐Stoddard BM, et al. Breast cancer risk for 

women with diabetes and the impact of metformin: A meta‐analysis. 

Cancer Medicine. 2023;12(10):11703-18. 

[12] Betof AS, Dewhirst MW, Jones LW. Effects and potential 
mechanisms of exercise training on cancer progression: A translational 

perspective. Brain, Behavior, and Immunity. 2013;30:S75-S87. 
[13] Maschek G, Savaraj N, Priebe W, Braunschweiger P, Hamilton K, 

Tidmarsh GF, et al. 2-deoxy-D-glucose increases the efficacy of 

adriamycin and paclitaxel in human osteosarcoma and non-small cell lung 
cancers in vivo. Cancer research. 2004;64(1):31-4. 

[14] Nam S, Park S, Park HS, Kim S, Kim JY, Kim SI. Association 

Between Insulin Resistance and Luminal B Subtype Breast Cancer in 
Postmenopausal Women. Medicine. 2016;95(9):e2825. 

[15] Hernandez AV, Guarnizo M, Miranda Y, Pasupuleti V, Deshpande 

A, Paico S, et al. Association between insulin resistance and breast 
carcinoma: a systematic review and meta-analysis. PloS one. 

2014;9(6):e99317. 

[16] Cao M, Isaac R, Yan W, Ruan X, Jiang L, Wan Y, et al. Cancer-

cell-secreted extracellular vesicles suppress insulin secretion through miR-

122 to impair systemic glucose homeostasis and contribute to tumour 

growth. Nature cell biology. 2022;24(6):954-67. 
[17] Buragadda S, Alhusaini AA, Melam GR, Arora N. Effect of 

complete decongestive therapy and a home program for patients with post 

mastectomy lymphedema. Journal of physical therapy science. 
2015;27(9):2743-8. 

[18] Yang Y, Gu D, Qian Y, Wang H, Chai X. Effectiveness of aerobic 

exercise on upper limb function following breast cancer treatment: a 
systematic review and meta-analysis. Annals of Palliative Medicine. 

2021;10(3):3396403-3403. 

[19] Servaes P, Verhagen C, Bleijenberg G. Fatigue in cancer patients 
during and after treatment: prevalence, correlates and interventions. 

European journal of cancer. 2002;38(1):27-43. 

[20] Lee CH, Chung SY, Kim WY, Yang SN. Effect of breast cancer 
surgery on chest tightness and upper limb dysfunction. Medicine. 

2019;98(19):e15524. 

[21] Meneses-Echávez JF, González-Jiménez E, Ramírez-Vélez R. 
Effects of supervised exercise on cancer-related fatigue in breast cancer 

survivors: a systematic review and meta-analysis. BMC cancer. 2015;15:1-

13. 
[22] Soriano-Maldonado A, Díez-Fernández DM, Esteban-Simón A, 

Rodríguez-Pérez MA, Artés-Rodríguez E, Casimiro-Artés MA, et al. 

Effects of a 12-week supervised resistance training program, combined 
with home-based physical activity, on physical fitness and quality of life 

in female breast cancer survivors: the EFICAN randomized controlled trial. 

Journal of Cancer Survivorship. 2023;17(5):1371-85. 
[23] Bruno E, Roveda E, Vitale J, Montaruli A, Berrino F, Villarini A, 

et al. Effect of aerobic exercise intervention on markers of insulin 

resistance in breast cancer women. European journal of cancer care. 
2018;27(2):e12617. 

[24] Courneya KS, Segal RJ, Mackey JR, Gelmon K, Reid RD, 

Friedenreich CM, et al. Effects of aerobic and resistance exercise in breast 
cancer patients receiving adjuvant chemotherapy: a multicenter 

randomized controlled trial. J Clin Oncol. 2007;25(28):4396-404. 

[25] Schwartz AL, Winters-Stone K. Effects of a 12-month randomized 
controlled trial of aerobic or resistance exercise during and following 

cancer treatment in women. The Physician and sportsmedicine. 

2009;37(3):62-7. 
[26] Courneya KS, McKenzie DC, Mackey JR, Gelmon K, Friedenreich 

CM, Yasui Y, et al. Effects of exercise dose and type during breast cancer 

chemotherapy: multicenter randomized trial. Journal of the National 
Cancer Institute. 2013;105(23):1821-32. 

[27] Invernizzi M, Lippi L, Folli A, Turco A, Zattoni L, Maconi A, et al. 
Integrating molecular biomarkers in breast cancer rehabilitation. What is 

the current evidence? A systematic review of randomized controlled trials. 

Frontiers in Molecular Biosciences. 2022;9:930361. 
[28] Maginador G, Lixandrão ME, Bortolozo HI, Vechin FC, Sarian LO, 

Derchain S, et al. Aerobic exercise-induced changes in cardiorespiratory 

fitness in breast cancer patients receiving chemotherapy: a systematic 
review and meta-analysis. Cancers. 2020;12(8):2240. 

[29] Noura S, Kiani F, Moulaei N, Tasbandi M, Tabas EE. Effect of Self-

care Training on Upper Limb Function and Pain After Breast Cancer 
Surgery. Medical-Surgical Nursing Journal. 2021;10(2). 

[30] Khosravi M, Sadighi S, Moradi S, Zendehdel K. Translation, 

Adaptation and Reliability of Persian-McGill Pain Questionnaire (P-MPQ) 
in Iranian Cancer Patients. Basic & Clinical Cancer Research. 

2014;6(3):12-7. 

[31] Clarkson HM. Musculoskeletal assessment: joint range of motion 
and manual muscle strength: Lippincott Williams & Wilkins; 2000. 

[32] Brown JC, Sarwer DB, Troxel AB, Sturgeon K, DeMichele AM, 

Denlinger CS, et al. A randomized trial of exercise and diet on body 
composition in survivors of breast cancer with overweight or obesity. 

Breast cancer research and treatment. 2021;189(1):145-54. 

[33] Dieli-Conwright CM, Courneya KS, Demark-Wahnefried W, Sami 
N, Lee K, Buchanan TA, et al. Effects of Aerobic and Resistance Exercise 

on Metabolic Syndrome, Sarcopenic Obesity, and Circulating Biomarkers 

in Overweight or Obese Survivors of Breast Cancer: A Randomized 
Controlled Trial. J Clin Oncol. 2018;36(9):875-83. 

[34] Kim RB, Phillips A, Herrick K, Helou M, Rafie C, Anscher MS, et 

al. Physical activity and sedentary behavior of cancer survivors and non-
cancer individuals: results from a national survey. PloS one. 

2013;8(3):e57598. 

[35] Rock CL, Doyle C, Demark‐Wahnefried W, Meyerhardt J, 

Courneya KS, Schwartz AL, et al. Nutrition and physical activity 

guidelines for cancer survivors. CA: a cancer journal for clinicians. 
2012;62(4):242-74. 

[36] D’Alonzo NJ, Qiu L, Sears DD, Chinchilli V, Brown JC, Sarwer 

DB, et al. WISER Survivor Trial: Combined Effect of Exercise and Weight 

Loss Interventions on Insulin and Insulin Resistance in Breast Cancer 

Survivors. Nutrients. 2021;13(9):3108. 

[37] Virto N, Urtasun PE, Isla JRS, Arietaleanizbeaskoa MS, Gallastegi 
NM, Odriozola GG, et al. Effects of a 12-week exercise intervention on 



The effect of combined exercise training on…   koulaei et al. 
 

8 

 

glycated hemoglobin (HbA1c) levels in cancer patients. Retos: nuevas 
tendencias en educación física, deporte y recreación. 2023(48):153-60. 

[38] Schmidt T, Schwarz M, Van Mackelenbergh M, Jonat W, Weisser 

B, Röcken C, et al. Feasibility study to evaluate compliance of physical 
activity over a long time period and its influence on the total activity score, 

glucose metabolism and physical and psychological parameters following 

breast cancer. Molecular and Clinical Oncology. 2017;6(3):397-402. 
[39] Guinan E, Hussey J, Broderick J, Lithander F, O’Donnell D, 

Kennedy M, et al. The effect of aerobic exercise on metabolic and 

inflammatory markers in breast cancer survivors—a pilot study. 
Supportive care in cancer. 2013;21:1983-92. 

[40] Bourke L, Stevenson R, Turner R, Hooper R, Sasieni P, Greasley R, 

et al. Exercise training as a novel primary treatment for localised prostate 
cancer: a multi-site randomised controlled phase II study. Scientific 

Reports. 2018;8(1):8374. 

[41] Christensen JF, Sundberg A, Osterkamp J, Thorsen-Streit S, Nielsen 
AB, Olsen CK, et al. Interval walking improves glycemic control and body 

composition after cancer treatment: a randomized controlled trial. The 

Journal of Clinical Endocrinology & Metabolism. 2019;104(9):3701-12. 
[42] McNeely ML, Campbell K, Ospina M, Rowe BH, Dabbs K, Klassen 

TP, et al. Exercise interventions for upper‐limb dysfunction due to breast 

cancer treatment. Cochrane Database of Systematic Reviews. 2010(6). 

[43] Cho OH, Yoo YS, Kim NC. Efficacy of comprehensive group 

rehabilitation for women with early breast cancer in South Korea. Nursing 
& health sciences. 2006;8(3):140-6. 

[44] Thomas GA, Alvarez-Reeves M, Lu L, Yu H, Irwin ML. Effect of 

exercise on metabolic syndrome variables in breast cancer survivors. 
International journal of endocrinology. 2013;2013. 

[45] Fairey AS, Courneya KS, Field CJ, Bell GJ, Jones LW, Mackey JR. 

Effects of exercise training on fasting insulin, insulin resistance, insulin-
like growth factors, and insulin-like growth factor binding proteins in 

postmenopausal breast cancer survivors: a randomized controlled trial. 

Cancer Epidemiology Biomarkers & Prevention. 2003;12(8):721-7. 
[46] Ivy JL. Role of exercise training in the prevention and treatment of 

insulin resistance and non-insulin-dependent diabetes mellitus. Sports 

medicine. 1997;24:321-36. 
[47] Earnest CP, Johannsen NM, Swift DL, Gillison FB, Mikus CR, 

Lucia A, et al. Aerobic and strength training in concomitant metabolic 

syndrome and type 2 diabetes. Medicine and science in sports and exercise. 
2014;46(7):1293. 

[48] Cuff DJ, Meneilly GS, Martin A, Ignaszewski A, Tildesley HD, 

Frohlich JJ. Effective exercise modality to reduce insulin resistance in 
women with type 2 diabetes. Diabetes care. 2003;26(11):2977-82. 

[49] Barone BB, Yeh H-C, Snyder CF, Peairs KS, Stein KB, Derr RL, et 

al. Long-term all-cause mortality in cancer patients with preexisting 
diabetes mellitus: a systematic review and meta-analysis. Jama. 

2008;300(23):2754-64. 

[50] Kang D-W, Lee J, Suh S-H, Ligibel J, Courneya KS, Jeon JY. 
Effects of exercise on insulin, IGF axis, adipocytokines, and inflammatory 

markers in breast cancer survivors: a systematic review and meta-analysis. 

Cancer Epidemiology, Biomarkers & Prevention. 2017;26(3):355-65. 
 

 

 


