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Abstract 

Introduction: The purpose of the present research is to 

study the effect of aerobic training and its combination with 

acceptance and commitment therapy interventions (ACT) on 

insulin sensitivity, C-reactive protein and depressive 

symptoms in women with type 2 diabetes. 
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Material & methods: In the present quasi-experimental 

study, 60 women with type 2 diabetes with the age range of 

50.4±1.8 are selected among patients referred to the 

specialized clinic for health and treatment of the oil industry 

in the northwest of the country in a purposeful sampling and 

then divided into 4 groups of 15 for aerobic training (AT), 

psychological therapy interventions based on acceptance and 

commitment (ACT), AT+ACT and control group. AT group 

was performed endurance training corresponding to 50-75% 

of HR max, 3 times per week for 10 weeks. Psychological 

intervention plan was done in a form of 90 min therapy 

workshop based on acceptance and commitment for 13 

weeks. Biochemical and depression indicators are collected 

before and after intervention by using blood sample and 

Beck test. Data analysis was done through analysis of 

covariance (P-value≤ 0.05) and by SPSS-27 software. 

Results: The results showed that, AT, ACT and AT + ACT 

resulted in the significant decrease of depressive symptoms 

(P-value=0.001). However, insulin sensitivity, C-reactive 

protein in intervention groups didn’t show any significant 

difference than control group. 

Conclusion: According to the findings, it seems that 

psychology and aerobics training can influence important 

glycemic indicator such as insulin sensitivity besides changes 

in depression indicators and also results in C-reactive protein 

clinical recovery in women with type2 diabetes. 

Keywords: Acceptance and Commitment Therapy, Aerobics 

Training, Depression, Insulin sensitivity, C-reactive protein, 

Type 2 Diabetes. 

1. Introduction  

Chronic health problems are diseases which are incurable and should be 

controlled by patient and health specialist. However, humans are 

disappointed from the treatment and try to find a way for their 
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recovery. But the treatment of chronic diseases like cerebral stroke, 

cancer, diabetes, heart diseases have high cost for governments. 

Furthermore, 60 percent of world mortality rate is due to these diseases 

(1). Diabetes is a complicated metabolic disease that can have 

destructive effects on different parts of body. Diabetes is the main cause 

of kidney disease in final steps and also a main cause of vision, 

neuropathy and cardiovascular disease. This disease arising from defects 

in secretion, lack of access to insulin, decrease in sensitivity of cells to it 

or insulin function or both and is associated with hyperglycemia, 

disorder in carbohydrate, lipid, protein metabolism and its psychological 

symptoms (2-4). Evidence has shown that chronic inflammation has a 

key role in cardiovascular diseases and can be like a stimulant force for 

insulin sensitivity and type 2 diabetes (5,6). Among different indicators, 

C-reactive protein with high sensitivity which is an inflammatory 

stimulant response to the liver and is made from lipid tissue by lipid 

cells, is a useful, available and low-cost indicator with easy measurement 

for the prediction and diagnosis of cardiovascular diseases (7,8). Type 2 

diabetes is a disease which is highly related to lifestyle and has strong 

behavioral and emotional components and its side effects significantly 

affect patients’ quality of life (9). Studies have shown that diabetes 

increases the risk of depression a lot. Living with this disease and dealing 

with hormonal and biological factors, as well as the need to manage 

daily conditions with diabetes, may increase the risk of depression (10). 

The recent studies have shown that depression is a common joint 

disorder and affects 25 percent of patients with diabetes (11). The 

clinical studies have pointed out that diabetic patients with depression 

are the indicators of negligence in controlling anti-diabetic diet, lack of 

control of blood sugar regularly and exposure to the risk of eye diseases 

(12) and small and large coronary arteries side effects as well (13). 

Depression can increase the possibility of diabetic side effects. It can be 

difficult to do routines for depressed people. Overtime, managing 

diabetes (regular blood sugar test, using medications, following healthy 

diet and regular physical activities) can have its effects which can result 

in negligence of routine diabetes care (14). Cognitive problems related to 

depression such as memory disorder, decision making problem and losing 

cognitive flexibility are associated with attention disability and limited 
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performance recovery (15,16). Depression and diabetes tend to worsen 

both processes especially through diabetic side effects, deterioration of 

glucose control and more depression recurrences (17).  

Besides medical treatment which is one of the ways to face diabetes, 

psychological interventions have been able to take effective steps for the 

recovery of this disease. Therapy approach based on acceptance and 

commitment is one of the third waves of the cognitive-behavioral 

therapy and of modern behavioral therapies which is called (ACT). ACT 

is a therapy approach which uses acceptance, mental awareness 

(mindfulness), commitment and behavioral changes to create more 

psychological flexibility (18). A range of research has expressed a global 

interest toward behavioral change model from the viewpoint of 

acceptance and commitment therapy (ACT) and more than 30 random 

clinical trials confirmed this approach. One of the ACT features is its 

effectiveness in many human issues including anxiety, depression, 

psychodynamics, eating disorder and self-control recovery at the time of 

having chronic physical diseases (such as diabetes and epilepsy) (19). 

Various factors such as genetic background, diets, physical activity 

reduction are the most important risk factors for type 2 diabetes, 

therefore, physical activity increases the insulin sensitivity in diabetic 

and non-diabetic people as a non-pharmaceutical intervention. Regular 

physical activities increase the oxidative capacity, lipid metabolism, and 

insulin signaling sensitivity (20). Aerobic training increases the glucose 

transmitter level in skeletal muscle as well as muscle glycogen synthesis 

and hexokinase levels and improving glucose uptake recovery in response 

to insulin stimulation (21). Hence, according to the possible effects of 

physical activities on blood glucose and insulin secretion, it seems that 

one of the effective factors on type 2 diabetes is physical activity. 

According to the studies and investigations in other research, one can 

express that a lot of studies have done individually in psychological 

domain and aerobic training with diabetes and other research topics, but 

what differentiates this research from other research is conducting 

combination of aerobic training with therapy approach based on 

acceptance and commitment and due to the fact that there hasn’t been 

any interdisciplinary combination research yet, the present study was 

done with the purpose of the effect of aerobic training and its 
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combination with acceptance and commitment therapy interventions on 

insulin sensitivity, C-reactive protein and depressive symptoms in 

women with type 2 diabetes. 

2. Material & methods 

The present study is practical, quasi-experimental, and selection of 

purposeful statistical community among patients referred to the 

specialized polyclinic of health and treatment of the oil industry in 

Tabriz, the criteria to enter the study was women under drug treatment 

for type 2 diabetes with the average age of 50.4±1.8 years old, with at 

least having 2 years of type 2 diabetes, with clinical depression 

symptoms who didn’t have regular physical activities during past 6 

months. The exclusion criteria were availability to participate in 

measurements: no unstable chronic condition including kidney diseases, 

neuromuscular and cardiovascular diseases, hypoglycemia and diabetic 

foot ulcers. On the other hand, subjects who missed more than 3 sessions 

of the intervention were excluded from the study. 

The statistical sample included 60 patients who were divided randomly 

into 4 groups of: aerobic training (AT), psychological therapy 

interventions based on acceptance and commitment (ACT), AT + ACT 

and control group. 12 participants were excluded from (AT, ACT, 

AT+ACT and Control) the research for various reasons. The present 

study used Beck Depression Inventory (22). The Beck Depression 

Inventory is a 21-item, self-report rating inventory that measures 

characteristic attitudes and physical, behavior and mental symptoms of 

depression. Each answers being scored on a scale value of 0 to 3 to 

obtain minimal to sever grades of depression. Range of score for this test 

is 0 to 63. Depression symptoms and laboratory blood samples (insulin 

and C-reactive protein) were collected before and after the intervention. 

Before doing the research, an explanatory session was held for all the 

participants and they became aware of the purpose of the study, the 

process of counselling sessions and exercises, blood samples, time, 

location, research scheduling program and making a communication 

channel in one of virtual spaces. Then a consent form for participating in 

the research was filled by the participants. Psychological intervention 
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plan was done in a form of therapy workshop based on acceptance and 

commitment according to the therapy protocol in Table 1. (18,23). 

Table 1. explanations related to psychological intervention program 

Workshop content  Sessions(90 min)   

Physiological-behavioral-intellectual and cognitive symptoms caused 

by stress and its strategies and management  

Sessions 1-2  

Awareness about how diabetes occurs, genetic issues, medication 

therapy, and its strategies to deal with diabetes treatment  

Sessions 3-4  

An introduction to interpersonal problems/ reasons of interpersonal 

problems/ how to overcome interpersonal problems  

Sessions 5-6  

Schemas and their formation/identification of primary incompatible 

schemas  

Sessions 7-8  

Consciousness awareness by practicing 5 senses(5-senses)- 

meditation  

Sessions 9-10  

The effectiveness of schemas on interpersonal relationship with 

schemas behaviors- in three behavioral domains  

Sessions 11-12  

Identification of mind performance and practicing with metaphors  Sessions 13  

AT program was done during 10 weeks, 3 sessions every week for 40-50 

minutes each session including warm-up, aerobic training, and cooling in 

one of the equipped gym of the National Gas Company of East 

Azerbaijan (Tabriz) in an appropriate atmosphere under the supervision 

of a coach and a general physician. The intensity of the AT was designed 

based on the Maximum heart rate (HR max) which was done with the 

intensity of 50-75% of HR max (Table 2). 

Table 2. details of exercises 
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The present study was approved by the Organizing Committee on Ethics 

in Biomedical Research on 21.5.2019 with the ethical code with ID of 

IR.IAU.TABRIZ.REC.1398.011. 

Fasting blood samples were centrifuged after data collection and were 

kept in the freezer under -70° centigrade for the measurement of blood 

factors. Serum level of C-reactive protein was less than 0.1 for normal 

people and the risk of more than 8 mg/dL was the symptom of serious 

inflammation or infection which was measured by BioSystems kit for 

Pars Azmoon company in Iran. 

Fasting blood sugar (FBS) was measured via photometric method by 

Pars Azmoon special kit. Insulin serum level was measured through 

enzymatic method by the application of DiaSorin kit with the sensitivity 

of 5 micro international units per milliliter and coefficient of variant of 

20% with wavelength of (450nm). Insulin sensitivity (QUIKI) used 

serum glucose and fasting insulin concentration and calculated through 

the following formula. FBS logarithm (mmol/l) + fasting insulin 

logarithm (mlµ/IU)/ QUIKI=1 (24,25). 

All statistical investigations were done by SPSS/Win software V.27. 

Shapiro-Wilk Test was used to ensure the normal distribution of data. 

The analysis of ANCOVA was used to compare the changes between 

groups by controlling the effects of pretest and in case of a significant 

difference among groups, the Benferoni post hoc test was used at a 

significance level of 5%. 

3. Results 

The descriptive information related to mean and standard deviation of 

research variables after psychological interventions and exercises 

compared with pretest of 4 groups was presented in table (3). 

The result of the present study showed: 

- The therapy approach based on acceptance and commitment caused a 

significant decrease in depression symptoms in women with diabetes 

(p-value=0.001), but ACT didn’t have a significant difference in the 

C-reactive protein and insulin sensitivity amount (p-value˃0.05). 
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- Aerobic training had a significant decrease in depression symptoms 

(p-value=0.001) in women with diabetes but it didn’t have a 

significant difference in the C-reactive protein and insulin sensitivity 

amount (p-value˃0.05). 

- The effect of the combination of aerobic training with ACT had a 

significant decrease in depression symptoms (p-value=0.001) and the 

comparison of values showed that however the changes of this value 

weren’t significant in posttest, but they were significant in ACT+ 

training group and showed a significant increase and that the 

combination of aerobic training with ACT didn’t have a significant 

difference in the amount of C-reactive protein (p-value˃0.05). 

- However, the investigation of the results of values mean in pre and 

posttest hasn’t shown a significant difference in C-reactive protein 

and insulin sensitivity in the interventions but it has shown a positive 

laboratory and clinical effects in the decrease of CRP and increase of 

QUIKI.  

Table 3. Mean and standard deviation for investigated variable in 4 groups of the study 

Control ACT +AT AT ACT 
Variable 

Posttest Pretest Posttest Pretest Posttest Pretest Posttest Pretest 

2.5±25.3 2.0±24.3 4.1±20.9 6.4±28.5 3.1±19.6 3.8±23.4 4.2±20.6 7.3±26.6 
Depressi

on 

3.3±3.4 1.6±1.8 5.1±4.5 4.9±5.0 4.7±3.2 5.5±3.5 5.0±4.1 6.9±4.6 CRP 

11.1±112

.1 

28.9±110

.8 

16.5±113

.2 

33.5±125

.0 

15.7±109

.1 

23.3±115

.4 

10.8±113

.1 

20.8±118

.8 
Glucose 

6.8±13.7 7.6±13.0 4.8±9.5 4.9±12.0 4.1±11.1 5.6±14.6 5.0±9.5 
10.2±10.

6 
Insulin 

0.06±0.5

7 

0.09±0.5

9 
0.07±0.6 0.1±0.57 

0.07±0.5

6 

0.04±0.5

2 

0.05±0.5

8 

0.12±0.6

1 
QUIKI 
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Figure 1: BDI values mean in pre-posttest for ACT, AT and ACT+AT and control. 

* Significant compared to ACT, AT and ACT+AT and control P≤0.05 

 

Figure 2: CRP values mean in pre-posttest for ACT, AT and ACT+AT and control. 
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Figure 3: Insulin sensitivity values mean in pre-posttest for ACT, AT and ACT+AT and 

control. 

* Significant compared to control group P≤0.05 

 

Figure 4: Glucose values mean in pre-posttest for ACT, AT and ACT+AT and control. 

4. Discussion: 

The programs of changing lifestyle including physical activities and 

exercise by controlling blood sugar and reduction of depression have a 

bold role in the increase of people’s life quality with type 2 diabetes and 

on the other hand, the improvement of life quality and physical and 

mental health indicators of diabetic patient was obvious with therapy 
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approach based on acceptance and commitment. Therefore, in the 

present study beside the investigation of the individual effects of both 

dependent variables on independent variables, the base of research was 

established on their combination in three domains of medical, sport and 

psychological for the treatment of diabetic patients (26,28). 

Findings of the study about depression variables showed that: therapy 

based on acceptance and commitment, aerobic training and their 

combination effect compared to control group, cause a significant 

decrease in depression. The present study was consistent with the 

previous studies and separation of ACT approach and aerobic training 

and inconsistent with some others. In a way that: Sanagoi Moharer et al. 

(2020) investigated the effect of cognitive therapy based on mindfulness 

on depression and flexibility in diabetic patients (29). Hor et al. (2013) 

investigated the therapy based on acceptance and commitment therapy 

on depression of type 2 diabetic patients and their results indicated the 

decrease of depression (30) and according to the given findings from 

Valla et al. (2015) research, depression, anxiety, stress and confidence 

have relation with HbA1C amount and depression decrease therapy 

based on mindfulness, some psychological symptoms of type 2 diabetic 

patients and increase in their confidence was effective in sugar blood 

control and patients recovery which was consistent with the result of the 

present study (31). Herder et al. (2017) observed the relation between 

anti-inflammatory cytokines and depression symptoms in diabetic 

patients-the possible differences were based on diabetes type and 

depression grades and there was a significant relation in C-reactive 

protein and interleukin and depression symptoms which was consistent 

with the present study in depression symptoms but inconsistent with C-

reactive protein (32). Gregg et al, Hayes et al. (2007) assessed the 

effectiveness and significance of ACT approach about the participants 

who learned therapy training based on acceptance and commitment and 

awareness about emotions related to diabetes, personal values related to 

diabetes and concentration on abilities for valuable actions during the 

experience of general health and did mental flexibility and mental health 

increase which was all consistent with the present study (33-35). 

According to the investigation, one can state that: ACT approach 

interventions are based on two main purposes of self- awareness and self-
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cognition (excitement, thoughts, beliefs, values, five senses, and how 

mind performs) toward positive changes and adaptability and acceptance 

of events that cannot be changed (36). This approach can be used as an 

effective psychological intervention on life quality of type 2 diabetic 

patients (37) and improve their mental health (38). The effectiveness of 

ACT interventions was based on active to present, mindfulness, and 

acceptance in decrease of depression symptoms of diabetic patients and 

diseases management. Therefore, cognitive therapy combined with 

mental care has been effective in the recovery of this disease. This 

therapy method is a short-term and structured intervention and its 

purpose isn’t to teach mental care thinking and change of though 

content like traditional cognitive therapy, but also it wants to make an 

attitude or a relation different to thoughts, emotions, or feeling of 

change which includes keeping full and moment by moment 

concentration as well as having an attitude with acceptance and away 

from judgment (39). Therefore, the role of exercise and aerobic training 

according to the performed studies is bold as exercise could change 

attention from depression to hilarity, health, attitude change toward 

lifestyle and depression is the cause of lack of attention to self and 

physical activity and inactivity is the main cause of diabetes, exercises 

cause the recovery of depression and eventually recovery of diabetes. 

The research findings about insulin sensitivity and C-reactive protein 

have shown that: ACT approach and AT couldn’t show a significant 

effect alone compared to control group but the effect of combination of 

ACT with AT was significant in insulin sensitivity and from the view of 

laboratory results, clinical and intergroup observations had sensible and 

positive changes in the process of type 2 diabetic patients’ recovery 

compared to control group. The reports of Banaei et al. (2014) study 

showed that C-reactive protein in both groups of training reduced and 

resistance to insulin increased but these changes weren’t significant and 

the control group of any groups didn’t have any significant differences 

which were consistent with this study (40). Nasiri et al (2017) concluded 

that the amount of blood glucose and insulin resistance had a significant 

decrease after 8 weeks of combined training but the insulin amount 

didn’t have a significant change. Explaining that this training was 

effective in prevention and regulation of blood glucose, and lipid profile 
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in type 2 diabetes (41). The study of Rahbar et al. (2020) pointed out 

that the combined aerobic and resistance training (AT with external 

load) for 8 weeks (24 sessions) could increase the satisfaction of diabetic 

therapy condition, diabetic care, insulin sensitivity increase and 

improvement of life quality compared to control group (42). Yousefipoor 

et al (2013) investigated the effects of 8-week sport activities on insulin 

indicator level, insulin resistance in their study and stated that sport 

training caused significant decrease in insulin indicator and fasting blood 

glucose in aerobic and combined group compared to control group (43). 

A study was done by Zamanpour et al. (2016) and its findings showed 

that there isn’t a significant difference between the effect of sprint and 

combined training in insulin and CRP (44) which was consistent with 

the present study and this matter should be pointed out that exercise 

has a key role in insulin prevention and control, pre-diabetic conditions, 

gestational conditions, type 2 diabetes and health problems related to 

diabetes. AT improves insulin action and is effective in the management 

of blood glucose, blood fat, blood pressure and life quality. However, it 

has to be noted that to have all these benefits, exercise should be done 

regularly and continually. We can say in a general conclusion that: each 

of the mentioned methods in the study seems effective in the reduction 

of mental and physical symptoms in a positive way. But it seems that, 

the combined effect of both methods can have more effects in terms of 

statistics, laboratory and clinical observations in the process of diabetes 

reductions and its side effects, in a way that the participants of 

combined group have more motivation for therapy and changes in 

lifestyle and this is the distinctiveness of the combined effect. 

It should be noted in the continuation of the discussion that, the present 

study had some limitations that we can mention some, for example this 

study was specific to type2 diabetic women and one should be careful 

about the generalization of findings to diabetic men and type 1 diabetes 

and the present study was for diabetic patients covered by the health 

centers of Tabriz Oil Company and it is necessary to be careful about 

the generalization of findings to other cities. And finally, the present 

study was for diabetic patients with the age range of 30-60 years old, 

therefore one should be careful in generalization of findings to patients 

out of this age range. At the end, suggestions for further studies are 
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proposed and it seems that: such study is also done in men statistic 

community and reach to other conclusions by comparing genders (in 

terms of the way of behavioral changes in mentioned approach in gender, 

the way of exercises in genders, motivation of following diabetes in 

gender). In the following studies, combination of other approaches 

(schema therapy, dialogue therapy) is also used. Such research in 

teenager range by identifying type 1 diabetes patients in lower age can 

improve the life of teenagers with type 1 diabetes as diabetes adverse 

effects can remain for many years, and in most cases they have to inject 

insulin and such therapy causes severe mental disorders. Such research is 

proposed and performed in the national and provincial diabetes 

association. The time of exercises is increased from 10 weeks to 12 or 15 

weeks. The sample size should be selected more that won’t have much 

effects if it falls. 
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