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Does exercise influence quality of life in adults with Type 2 Diabetes Mellitus? A systematic review and meta-analysis.

Background: Sedentary behaviour is regarded as a modifiable risk factor for type 2 diabetes (T2DM) and an independent predictor of ill health. Physical inactivity has an impact on T2DM patients' physical and mental wellbeing. Several research and guidelines for the control of diabetes promote physical activity. The goal of this study was to conduct a systematic review to determine the impact of exercise on patients with type 2 diabetes' quality of life. Methods: MEDLINE, SPORTDiscus, ProQuest, PubMed, and the Cochrane Library were used to look for articles that examined the question as per the PRISMA guidelines. This systematic review comprised of 8 studies with a total of n=1410 participants. All studies were included if QoL was an outcome measure, and they met the inclusion criteria. Results: Each study was described by gathering and presenting data such as publication details, study population, intervention characteristics, outcomes, and whether the intervention was successful. There were some trends in that exercise had a favourable influence on QoL (OR=0.91, 0R=0.61). Conclusion: Our results suggest that PA improves QoL in T2DM patients to a moderate degree. Adults diagnosed with T2DM should be encouraged to engage in physical activity.

Introduction

Diabetes is one of the most serious worldwide health crises of the twenty-first century, and it's linked to changes in lifestyle that lead to reduced physical activity (PA) and obesity. Diabetes mellitus (DM) has the 98th highest age-adjusted death rate in the world, 22.62 per 100 000 people (Levterova et al., 2018).  It can lead to difficulties over time and is linked to an increased risk of cardiovascular disease (Abedini, Bijari and Miri, 2020). According to the World Health Organization, the number of diabetic patients worldwide risen from 110 million in 1994 to 240 million in 2010 and is expected to reach 300 million by 2025 (Diabetes, 2021).  Type 2 diabetes mellitus (T2DM) accounts for almost 90% of all diabetes cases. Insulin resistance is described as a reduced response to insulin in people with T2DM (Bloomgarden et al., 2006). Insulin is inefficient in this state, thus an increase in insulin production is used to maintain glucose homeostasis. However, insulin production diminishes over time, culminating in T2DM. T2DM is most typically found in those over the age of 45 (Kyu et al., 2016).  Despite this, due to increased levels of obesity and physical inactivity it is becoming more common in children, adolescents, and younger people (Goyal and Jialal, 2022). 

Quality of life (QoL) is defined by the World Health Organization as:  "individual's view of their position in life in relation to their goals, aspirations, standards, and concerns in the context of the culture and value systems in which they live." (Programme on mental health WHOQOL user manual, 2020). The physical, psychological, and social domains of health are all influenced by a person's experiences, beliefs, expectations, and perceptions; as a result, healthcare providers should aim to comprehend the physical, emotional, and social consequences of chronic diseases like diabetes (Gebremedhin T, Workicho A, Angaw DA., 2019). QoL is a term that encompasses a wide range of human experiences. It could be better expressed as "subjective health" or "functional status and well-being" in the medical field it de-nominates components of health from the patient's or subject's point of view (Trikkalinou, Papazafiropoulou and Melidonis, 2017). Research has indicated that patients with diabetes have a lower quality of life than healthy people, and the variables that contribute to this are unknown. Some factors, such as the type of diabetes, insulin use, age, comorbidities, social status, psychological factors, ethnicity, educational level, understanding of the condition, and the sort of help they received from others, may affect these patients' QoL (Abedini, Bijari and Miri, 2020). As a result of long-term complications diabetes has a considerable detrimental influence on patients' social relationships, life expectancy, academic performance, and overall health related quality of life (HRQoL) (Gebremedhin T, Workicho A, Angaw DA., 2019). The ultimate goal of diabetes management, according to domestic and international recommendations, is to prevent acute and chronic consequences while maintaining the patient's quality of life (Levterova et al., 2018). As a result, understanding HRQoL in diabetes patients, as well as the factors that influence it, is critical ( Abedini, Bijari and Miri, 2020).

The benefits of regular exercise and PA in individuals with T2DM are considerable (Plotnikoff, Costigan, Karunamuni and Lubans, 2013), therefore PA has been suggested as a means of improving QoL and well-being (Nojomi et al., 2020).. PA results in PA-induced changes in brain neurotransmitters and endogenous opioids, which are known to be associated with sadness, anxiety, and other mood categories thus are potential mediators of QoL/well-being association (Anderson-Hanley et al., 2012).  Others have discovered a link between a latent conceptualisation of psychological distress (i.e., depression, anxiety, stress, and sleep disturbance) and improvements in well-being and life satisfaction (Marquez, Aguiñaga and Powell, 2020). Even though a large number of articles and research are published each year on diabetes epidemiology, complications, and health strategies, literature data on diabetic patients' quality of life with exercise as an intervention is limited (Trikkalinou, Papazafiropoulou and Melidonis, 2017).

1. Methods

1.1  Search strategy 

A systematic search of randomised controlled trials was conducted up to March 18th, 2022, based on the PRISMA criteria. MEDLINE, SPORTDiscus, ProQuest, PubMed, and the Cochrane Library were used to conduct searches. A primary search with the term “Type 2 Diabetes” was combined with MeSH terms and synonyms: “Type 2 Diabetes Mellitus” OR “Diabetes”, OR “Diabetes Mellitus”; AND secondly with terms: “Quality of life”, and further MeSH terms: “health related quality of life”, OR “life quality”, OR “HRQOL”, OR “QOL” OR “wellbeing”, “well-being”; AND “exercise”, “high intensity interval training”, “HIIT”, low intensity interval training”, “exercise therapy”, “physical activity” “circuit training” “resistance training”; AND “Randomised control trial”, “randomised clinical trial”. Information was gathered from peer reviewed literature to discover whether exercise influences QoL in adults with Type 2 Diabetes. The full copies of the articles found by the search were considered to meet the inclusion criteria.

1.2  Selection Criteria

Studies giving information on the influence of QoL in persons with T2DM were included. The following were the criteria for inclusion: 1) If the allocation of participants to treatment and comparison groups was described as randomised, the trial was classified as a randomised control trial (RCT). 2) Published in peer-reviewed journals; 3) accessible in full text 4) RCTs in which at least one arm of physical activity intervention was compared to a control group, 5) there were no co-morbidities (i.e. cancer), 6) there were no contraindications to exercise. Contraindications being (1) glucose 4.0 mmol/L; (2) glucose > 15.0 mmol/L with symptoms of weakness/tiredness or ketosis; (3) hypoglycemic event within the previous 24 h that required assistance from another person to treat; (Cai et al., 2016) and (4) feeling unwell; and 7) there were studies that looked at adults of different ages (18+).


2.3 Evaluation of methodological quality

The PEDro scale was used to assess the work's quality (Physiotherapy Evidence Database). When it comes to grading RCTs, this scale has a high level of reliability (Cashin and McHauley, 2020). The PEDro scale comprises 11 criteria for ensuring that the scientific process is followed correctly, resulting in unbiased experimental design, methodology, analysis, and reporting of results. As shown in Table 1, items 2 to 11 contribute to internal validity and are given 1 point if met. Item 1 relates to external validity and is not factored into the final score. Furthermore, for research evaluating difficult interventions (e.g., exercise), a total PEDro score of 8/10 is considered optimal (Cashin and McHauley, 2020).

3 Results

3.3  Search and selection

Eight research were chosen after a careful selection process (Figure 1). The flow chart depicting the several stages of study search and selection included in the systematic review provides more information about the procedure. 183 titles and abstracts were discovered during the initial database search. For full text review, 25 of these were used. Only eight studies fulfilled the requirements once the exclusion criteria were applied, and they were included in the systematic review (Kempf and Martin., 2013; Dixit et al., 2013; Duruturk and Ozkoslu., 2019; Tapehsari et al., 2020; Chaveepojnkamjorn et al., 2009; Nicolucci et al., 2012; Hsieh et al., 2018). 







 183 titles and abstracts discovered on databases MEDLINE, SPORTDiscus, ProQuest, PubMed, Cochrane Library, and PEDro
25 full texts reviewed

8 papers met the inclusion criteria

158 excluded:

· Design not relevant (n=53)
· Participants had other co-morbidities (n=5)
· No intervention (n=3)
· Meta-analysis or review articles (n=35)
· Not peer reviewed (n=38)
· Not published in English language (n=26)
17 excluded:

· QOL was not an outcome (n=3)
· Focused on other types of diabetes (n=8)
· No exercise intervention (i.e. lifestyle intervention) (n=5)
· Inclusion of pharmaceutical treatment (n=2)




















Figure 1. A flow chart illustrating the different stages of study search and selection












3.4  Quality Assessment 

Although all trials used a random assignment, only three research documented the allocation concealment method. Six articles (Dixit et al., 2013; Duruturk and Ozkoslu., 2019; Tapehsari et al., 2020; Chaveepojnkamjorn et al., 2009; Hsieh et al., 2018) indicated blinding the assessor at the outcome, but only one managed to blind the therapist to allocation groups (Duruturk and Ozkoslu., 2019).   The Hawthorne effect was minimised in all investigations by blinding the subjects to the hypothesis (McCambridge, 2014). The purpose to treat analysis was explicitly stated in three trials (Kempf and Martin., 2013; Hsieh et al., 2018; Tapehsari et al., 2020). All but one of the studies used a large-sized sample size (n=66-538), with Hsieh et al., 2018 having a small sample size of (n = 19). In seven studies, heterogeneity is depicted (Kempf and Martin., 2013; Dixit et al., 2013; Duruturk and Ozkoslu., 2019; Tapehsari et al., 2020; Chaveepojnkamjorn et al., 2009; Nicolucci et al., 2012). Although two did not, Hsieh et al (2018) focused solely on females and the elderly, while Kempf and Martin (2013) exclusively included the elderly. All of the authors state that there were no commercial or financial relationships that may be construed as a potential conflict of interest during the research. In most research, the participants and therapist were not blinded, and the allocation was not concealed.

Table 1 Detailed description of PEDro scores. 
Study (year published)		PEDro scores	
				1      	2    3    4    5    6    7    8    9    10   11    Total of 2-11
Kempf and Martin (2013)		Yes	1    1    1    0   0    0    0    1     1     1	  6	
Hsieh  et al (2018)             	Yes	1    0    1    0   0    1    1    1     1     1	  7
Dixit et al (2014)		Yes	1    0    1    0   0    1    1    0     1     1	  6 
Duruturk and Ozkoslu (2019)	Yes	1    1    1    0   1    1    1    0     1     1	  7
Myers et al (2013)        	Yes	1    0    1    0   0    1    1    0     1     1	  6    	      Tapeshari et al (2020)		Yes	1    1    1    0   0    1    1    1     1     1	  8	            Chaveepojnkamjorn et al (2009)     Yes      1   0    1    0   0    1    1    0     1     1	  6   	           Nicolucci et al (2012)	            Yes      1    0    1    0   0    0    1    0     1     1	  5                   

Total for each item 			8    3    8    0    1    6    7    3     8     8	  52
1. Eligibility criteria and source
2. Random allocation
3. Concealed allocation
4. Baseline comparability
5. Blinding of participants
6. Blinding of therapists
7. Blinding of assessors
8. Adequate follow-up (> 85%)
9. Intention-to-treat analysis
10. Between-group statistical comparisons
11. Reporting of point measures and measures of variability

3.5 Participant Characteristics
Table 2 lists the characteristics of the participants. The systematic review included eight trials with a total of n=1410 participants. Each of the eight studies includes a detailed description of the study cohort, as well as tables of population data. Adults ranging in age from 18 to 80 years old took part in the studies. Only those over 60 were included in one study (Hsieh et al., 2018), which had n=14 participants, with Hsieh et al. (2018) having solely female participants (n=169) (Table 2).

3.6  Intervention Characteristics

The intervention used in the research is also shown in Table 2. The major intervention in all the research was some type of exercise, such as resistance training (RT) (Hsieh et al., 2018) Moderate intensity exercise intervention was used in the study (Dixit et al., 2013; Tapehsari et al., 2020; Chaveepojnkamjorn et al., 2009); both moderate intensity exercise and RT was used by (Myers et al., 2013; Nicolucci et al., 2012); a digital training concept was utilised by Kempf and Martin (2013), and calisthenics was used in the study by (Duruturk and Ozkoslu., 2019). In terms of frequency and duration, not all trials followed the same protocol as seen in Table 2. Usual care was used as a control intervention in all trials with four studies using usual care with another intervention Nicolucci et al (2012) utilised counselling, Duruturk and Ozkoslu (2019) and Tapehsari et al (2020) utilised education and one study includes maintaining usual physical activity (Myers et al., 2013).


1

Table 2
Summary Table

Study (Year Published)		Population		Age		Intervention		Control		Outcome Measure 	     Results


Kempf and Martin., 2013		    119F		             50-75	         12 weeks WII Fit 	           Usual Care.                WHO-5	     Subject well-being 
                                                              101 M                                                                        					                 significantly improved 					     										                                          (p<0.001)                              
						 

Hsieh et al., 2018 		  19 F          	            65-80                    RT 3xWeek for   	           Usual care		  ADDQoL                No significant effects on         
                                                                                                                   over 12 weeks                        					   QoL						 
                                                                                                                                       								

Dixit et al., 2013		                   66		             18-70	           Moderate intensity            Usual care                   NQL	            Overall QoL significantly 							                                           5/6xweek of 150-                                                                            improved (P<0.001)
                                                                                                                                  360 min/week				                          
                                                                                                                                           								 


Duruturk and		                  24F                                     18-65	         Callisthenic 45 min	          Usual care and	     BDI	         Overall QoL significantly
Ozkoslu., 2019	                                 26M                                                      session for 3xweek	          education		             	          improved (P<0.00)			 						                         for 6 weeks
 															                                   

Myers et al., 2013		103F		             30-75	         Aerobic/Resistance/ 	         Maintain usual               SF36	          All three intervention groups
				173M			                        3x week	                        physical activity		         had greater improvements									                                                        for 9 months	                        than the control group 																        (resistance P <0.005, 																         aerobic P<0.001, combined     
 															                  (P<0.015)


Tapehsari et al., 2020.                       16M                             18-45M            150mins of moderate	             Usual care   	WHOQoL	Physical activity had an
79F		         18-55F             activity a week                              and education			improved QoL (P<0.001)                                           

Chaveepojnkamjorn et al.,		113F		        30-59	16 weeks of physical activity	Usual care	WHOQoL	Improved QoL at 12 and 24               2009.     			                33M	                                               (moderate)and education						              weeks (P<0.05)

Nicolucci et al., 2012	                 222F		       18+	                    Aerobic and RT  	                  Usual Care	       SF36		Both groups experienced				                 316M		                             training 150 min/week 	             and counselling	                               improvements in QoL							                            12 months with counselling
		F= female, M= males, BDI = Beck Depression Inventory, RT = resistance training, ADDQoL = Audit of Diabetes Dependant Quality of Life, QoL = quality of life, MDNS = The Michigan Diabetic Neuropathy Score, BDI = Becks Depression Inventory, SF-36 = Short Form 36 Questionnaire, WHOQoL = The World Health Organisation Quality of Life Questionnaire
















3.7 Data Analysis

In the study by Nicolucci et al (2012) there was a pattern for improving QoL in the intervention group (n = 268 of 303 randomised), with effect sizes of 0.91 for physical component score measures and 0.61 for mental component score measures, whereas all scores worsened in the control group, resulting in significant between-groups differences for all SF-36 scores. In contrast, individuals who received only counselling experienced an overall decline in QoL over the 12-month period. Mean changes in SF-36 (estimated marginal means ±95% CI) in the control group: physical score, (P<0.001); mental health score (P<0.005). Mean changes in SF-36 (estimated marginal means) in the intervention group: physical score, (P<0.003); mental health score (P<0.008). (Nicolucci et al., 2012). Similarly, on comparison of the control and intervention groups, a two-way ANOVA revealed a significant influence on the mean NQOL scores (P<0.05) in quality of life measures (Dixit et al., 2013). A Wilcoxon testi β: Mann–Whitney U test demonstrates a significant difference from baseline after the 6-week training period (intervention: 9.95 ± 8.08; control: 11.33 ± 8.23 ) (p< 0.00). During that same time period, the control group showed no improvement (p <0.00). The number of changes in indicators of psychosocial state between baseline and 6-week values differed substantially between the two groups (p<0.00) (Duruturk and Ozkoslu., 2019). Before intervention, the Mann-Whitney U test revealed that all variables QOL were identical in both groups. The scores of physical, psychological and environmental domains of WHOQOL ‐ BREF were 27.42 ± 3.34, 21.44 ± 3.24 and 27.02 ± 4.68 in intervention group versus 22.58 ± 3.71, 17.29 ± 3.46, and 24.41 ± 3.92, in the control group (Tapehsari et al., 2020).Although, the SF-36 mental health QOL component score and subscales for the mental component summary score did not alter between the control group and either of the exercise groups from preintervention to postintervention (all P > 0.05), in the RCT conducted by Myers et al (2013). Kempf and Martin (2013) demonstrated that T2DM was significantly improved in the intervention group compared to the control group (p=0.03), with a significant reduction of diabetes-dependent impairment in both groups during intervention phases (5.2 ± 13.2% in the intervention group (p < 0.001) and 4.2 ± 14.7% in the control group (p = 0.008)) 


4. Discussion

4.1 Methodological Quality

The RCTs included in this systematic review had an average PEDro score of 6.3 points. Four studies were given six points (Kempf and Martin., 2013; Dixit et al., 2014; Chaveepojnkamjorn et al., 2009; Myers et al., 2013). One study obtained an eight-point score (Tapeshari et al., 2020), whereas the other received a five-point score (Nicolucci et al., 2012). The most prevalent reasons for exclusion were that the studies were not RCTs, that they focused on other T2DM therapies, that the design was irrelevant, or that the individuals had additional co-morbidities. Because of the research's methodological problems, the findings should be regarded with caution. Only three research adequately described the approach to allocation concealment (Kempf and Martin., 2013; Duruturk and Ozkoslu., 2019; Tapeshari et al., 2020) and one other for blinding (Duruturk and Ozkoslu., 2019). Future research will have to pay more attention to the methodological quality.

4.3 Effects of exercise on QoL

The magnitude of the influence and its significance varied substantially (including non-significant findings), but the overall trend was positive and favoured exercise interventions. This is a serious evidence gap that could stymie efforts to translate and utilise PA treatments to improve QoL in T2DM patients. Based on the results of seven RCTs, our findings demonstrate that exercise improves HRQoL associated with T2DM, while noting that current data suggests it is also a safe intervention. Exercise has a large effect size on increasing HRQoL ratings when compared to no intervention and usual care studies of QoL outcomes. However, both (Hsieh et al., 2018; Nicolucci et al., 2012) found exercise improved QoL but with no significant differences between groups, indicating that any type of exercise has an impact on depression. 


4.4  Limitations
 
This systematic review has limitations since only English-language literature was retrieved. The concealment allocation method is crucial for evaluating the quality of RCTs to avoid confounding biases. Using an inadequate or ambiguous allocation concealment strategy may result in higher estimates of treatment effects when compared to clear reporting of concealed treatment allocation. Furthermore, several studies did not give evidence of application when using intention to treat analyses. The use of intention to treat is crucial because people who drop out of the trial before the analysis may differ from those who stay in the study. This could lead to inaccurate conclusions about the treatment's efficacy. In addition, insufficient blinding and a lack of heterogeneity may limit the conclusions' generalisability. The heterogeneity of the research we included may have an impact on the accuracy of our findings. The use of sensitivity analysis and meta-regression to identify the cause of heterogeneity could be beneficial. However, limited to the dispersion and the number of studies, we could not calculate it exactly Because the included studies utilised a variety of QoL scales and the objective elements of each study were not exactly the same. The authors of many of the research we included did not show the unfavourable results. They only listed the elements that had a significant impact on QOL. 

4.5 Conclusion
PA was associated with a reduced risk of QoL on most dimensions in this systematic review, demonstrating that it is helpful to one's health (Jing et al., 2018) and advised by the World Health Organization. In our review, there was a pattern for improving QoL in the intervention group with large effect sizes (OR = 0.91, OR = 0.61), resulting in significant between-groups differences. We propose that persons diagnosed with T2DM, regardless of their cognitive health, have access to physical activity the benefits extend far beyond QoL symptoms. However, to provide clear recommendations, higher-quality experiments are still required.
Even a successful intervention, such as a supervised mixed exercise programme, can be hampered if exercise prescriptions are not followed, leading to a return to sedentary behaviours, weight increase (Kyu et al., 2016) and the loss of health benefits gained through lifestyle modification. Therefore, earlier findings indicating that supervised exercise training has a beneficial impact on QoL suggest that this intervention technique could be highly useful in encouraging long-term lifestyle adjustment and exercise adherence (Nojomi et al., 2020). However, no firm conclusions can be drawn due to the uniformity of some studies and a lack of high-quality research (Mean PEDro score =6.3) . More RCTs in diverse clinical subgroups are needed to examine the benefits of different types of exercise on QoL on T2DM.
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