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    Abstract
Background: Pre-diabetes (PDM) is a state with impaired glucose tolerance and/or impaired fasting glucose where people are at risk for diabetes. In less than 3 years, PDM gets converted to diabetes. Physical activity (PA) is a boon to PDM and diabetes to gain control over the glycemic variability and insulin secretion, reduction in cardiometabolic risk, and improvement in overall health. Increasing PA helps delay or prevent the conversion of PDM to diabetes mellitus (DM), as well as helps prevent complications of diabetes effectively. Materials and Methods: The aim of the review was to understand the mechanism by which PA can help to prevent and manage DM. Research papers, manuscripts, and review papers on PA and its mechanism of action on prevention and management of diabetes were searched and relevant contents were studied. One hundred and twelve papers were chosen from online sources like Google Scholar, Scopus, PubMed, Sci-Hub, and Library Genesis. Fifty-seven articles were shortlisted and out of them 54 included in this mini-review comprising of meta-analysis, systematic review, and randomized control trials. Fifty-seven articles were excluded due to irrelevant content in the contexts of diabetes and its mechanism. Result: The review resulted in getting a better understanding of the possible mechanisms by which PA works in prevention and management of DM and delaying the onset of diabetes in PDM. In addition to that, the highest known risk factors for diabetes in this current scenario are understood as physical inactivity among youngsters, along with low nutrition high-quality diet, stress, low-quality sleep, and associated fat and glucose metabolism. Conclusion: During pandemics like coronavirus disease 2019 (COVID-19), physically being active also has its role in reducing resistance power and metabolism of fat and glucose, thereby increasing the risk for diabetes. It is always better to keep oneself with some exercise daily to maintain surface immunity high and strong to avoid diseases. This is possible by modification of lifestyle with yoga, exercises, and proper diet. Periodic incorporation of indoor–outdoor activities aiming at cutting short period of inactivity will help prevent and manage diabetes and other metabolic endocrine disorders to a large extent.
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    Introduction


    Pre-diabetes (PDM) is a warning stage for the onset of diabetes.[bookmark: ft1][1],[bookmark: ft2][2],[bookmark: ft3][3] PDM is increasingly found in developed and developing countries and is linked to the rise in risk for cardiovascular disorders. Preventing diabetes at a pre-diabetic state is of high priority these days as the number of cases found with PDM is increasing.[bookmark: ft4][4],[bookmark: ft5][5] The prevalence of diabetes mellitus (DM) is found to be high as predicted in the previous study on Indian population.[bookmark: ft6][6] Impaired secretion of insulin from pancreatic beta cells, increased resistance of body cells to insulin, increased glucagon release from pancreatic alpha cells, and increased conversion of hepatic glycogen to glucose are major causes for the increased glycemic variability leading to impaired glucose tolerance (IGT), in other words known as PDM. Ignorance, lack of care, and ineffective management of PDM and diabetes can result in ill-effects to different systems of the human body. Those system-wise complications include partial or complete loss of vision, retinopathy, peripheral vascular disease, neuropathy, cardiovascular disorders, nephropathy, and other kidney-related disorders. On the other hand, obesity, sedentary lifestyle, family history of diabetes, metabolic syndromes, lack of physical activity (PA), and imbalanced high calorie, high carbohydrate diet pattern are the predisposing factors for PDM and diabetes.[bookmark: ft7][7]


    India has the second highest prevalence rate of IGT.[bookmark: ft8][8] Impaired fasting glucose (IFG) characterizing PDM is also experiencing a rise in prevalence in India.[bookmark: ft9][9] The conversion rate of IGT to IFG is also alarming. Early stages of glucose intolerance not only carry out a high risk for complications in different systems of the body but it also increases the rate of conversion of PDM to diabetes. High insulin resistance and associated risk for other complications are increasingly found in younger age in Indians.[bookmark: ft10][10] Nearly 347 million people around the world were found to be diagnosed as diabetic in 2008. A paper published in 2017 projected the prevalence of diabetes in India as 69.1 million (11.6%) and undiagnosed PDM as 36 million (6.7%).[bookmark: ft11][11] Whereas a study published in 2019 shows that the prevalence of diabetes has risen to 72.96 million; 10.9% in urban and 14.2% in rural India.[bookmark: ft8][8]


    Risk factors associated with PDM and diabetes


    The most commonly found risk factor associated with improper management of diagnosed PDM and diabetes are metabolic disorders, endocrine dysfunction, impaired sleep dynamics, fat, oxidative stress[bookmark: ft12][12] and glucose metabolism abnormalities, and lack of PA.[bookmark: ft13][13],[bookmark: ft14][14] Eighty percent of obese people are found to be caught with increased risk for diabetes and PDM. Elevated free fatty acid, plasma triglycerides, dense low-density lipoprotein (LDL), and low catabolism of triglycerides precipitate Type 2 DM and increase the risk for cardiovascular complications[bookmark: ft15][15],[bookmark: ft16][16],[bookmark: ft17][17] in diabetes. Factors impairing beta cell activity and intracellular insulin stores include elevated free fatty acid and prolonged lipid exposure.[bookmark: ft18][18] In addition to that, visceral fat stores and central obesity mediate insulin resistance and glucose intolerance[bookmark: ft19][19] and risk for cardiovascular disorders.[bookmark: ft20][20] Insulin resistance of skeletal muscle glucose transport is one of the key defects in the development of IGT and Type 2 DM (T2DM).[bookmark: ft21][21]


    Fat metabolism, insulin release, and glucose homeostasis


    Insulin is a peptide hormone secreted by β cells of the pancreas, playing as a gatekeeper for the cells to convert glucose into energy. Insulin acts as a regulator of lipoprotein lipase activity.[bookmark: ft22][22] Glucose homeostasis is maintained in normal healthy subjects by first-phase insulin release (FPIR).[bookmark: ft23][23] Proper fat metabolism, hepatic glucose production, and glycemic control are the main influencing factors in glucose homeostasis, which is an important factor required for the prevention and management of diabetes. Impaired FPIR inhibits hepatic glucose production and this results in postprandial hyperglycemia.[bookmark: ft24][24] Hence, patients with IGT will have abnormal fat metabolism, lipoprotein level, and lipid profiles. Insulin acts as a regulator for lipoprotein lipase activity under physiological conditions by which the insulin resistance can be brought under control and glucose homeostasis can be achieved. Adiponectin, a protein hormone that regulates energy metabolism, fatty acid breakdown, and oxidation, has a significant role in glucose regulation. To link with, the level of adiponectin that is found to be deficient in case of obesity and diabetes can be an indicator for the development of T2DM.


    PA and its vital role in a comforting life


    The rise in the prevalence of diabetes highlights the need for complementary alternative therapies to reduce the increasing incidence. Increasing the level of PA can be of different forms such as Yoga[bookmark: ft25][25] exercises, sports, occupational, or household work. Yoga and exercise are a subset of PA. Yoga asana improves glycemic balance, glucose and fat metabolism, and glucose homeostasis attaining physical and mental wellbeing.[bookmark: ft26][26]Whereas outdoor exercises, gym, and other fitness training programs achieve the goal of calorie-burning, fat metabolism, and physical fitness.[bookmark: ft27][27] Most importantly, Yoga asanas such as Ardhamatsyendra asana, Vakrasana, Hamsasana, Mayurasana, Bhujangansana, Dhanurasana, Mandukasana, and Suryanamaskar are reported to be very effective in the prevention and management of diabetes.[bookmark: ft28][28] The impact of PAs on glycemic control, weight maintenance[bookmark: ft29][29],[bookmark: ft30][30], and reduction in cardiovascular risk[bookmark: ft31][31] is pretty much evident.[bookmark: ft32][32] The metabolism of fat and carbohydrate is better with moderate level of PA as compared to low and high intensity activity [Chart 1]. The major efficacy trials have shown that lifestyle interventions targeting PA, dietary changes, and weight loss are efficient and cost-effective in preventing T2DM among people with IGT.[bookmark: ft33][33] High- and moderate-intensity training helps not only in the prevention of diabetes but also improves functional ability in people with diabetes.[bookmark: ft34][34],[bookmark: ft35][35]
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        	Chart 1: Flow Chart on PA and its path of action for the prevention and management of DM. Note: *PA = physical activity; T2DM = Type 2 DM.
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    Mechanism by which PA works in PDM and Diabetes


    PA is assumed to work in such a way that the insulin secretion and post heparin lipoprotein lipase activity can be improved and insulin-mediated glucose disposal and triglyceride concentration level can be found to be decreased.[bookmark: ft36][36] Metabolic effects of aerobic endurance exercise[bookmark: ft37][37] are found to be effective in subjects with PDM and improved glycemic control in people with diabetes. The neuro-endocrine system plays a major role in gluco-regulation during intensive PA.[bookmark: ft38][38] Increasing muscle contraction improves glucose uptake by muscles and hence there will be no need for dependency on insulin or oral hypoglycemic drugs.[bookmark: ft39][39] Fat oxidation also improves after a period of PA and being physically active improves muscle fuel utilization with a direct impact on blood glucose and lipid profile. Structuring the lifestyle with diet modifications and a minimum of 120–150min of PA per week is highly effective in PDM, preventing the onset of diabetes and reversing newly diagnosed diabetes.[bookmark: ft40][40]


    Prevention and management of DM


    Regular PA not only ensures good health and wellbeing but also reduces the risk for mental disorders such as depression, anxiety, and emotional upsurges commonly found bothering people with DM.[bookmark: ft41][41],[bookmark: ft42][42] PA is found to help improve the quality of sleep and thereby help reverse insulin resistance.[bookmark: ft43][43] Yoga and PAs are known to improve the oxygen flux through muscles by 90- to 100-folds, reduce the level of free radicals and oxidative stress, and thus upregulate defense mechanism with animproved antioxidant support.[bookmark: ft44][44] PA is associated with improving fatty acid metabolism and lowering the level of pro-inflammatory cytokines, thereby helping achieving glycemic control in diabetes.[bookmark: ft39][39] Increasing the duration of leisure-time PA in addition to household works would provide additional benefit for a diabetic patient to keep the control over the glycemic load.[bookmark: ft45][45] The study found that a high participation rate in leisure-time PAs correlated with good control of HbA1c levels. Appropriate leisure-time PAs for patients with T2DM including hula hoop, jogging, walking, gardening, yoga, tai chi, qigong, swimming, dancing, and cycling found a positive association between regular walking exercises, lower HbA1c levels, body mass index, and diastolic blood pressure.


    Categorizing priority along with PA


    Priority should be given in the selection of a low glycemic index diet in adopting a well-balanced menu for a daily regime. Low glycemic index, low-fat diet, high fiber diet play a major role in the management of diabetes.[bookmark: ft46][46] Awareness about the quality and quantity of diet and getting the nutrients absorbed through exercises and PA is to be given utmost importance in diabetes. Well-balanced diet including seasonal and less-processed food with low glycemic index diet can support glycemic control. Exercise has long been heralded as a cornerstone in the management of T2DM. Increased body mass index is another risk factor for PDM and diabetes. PA plays its role with its effects on body weight management and thus reducing risk for PDM and DM. However, it is strongly recommended that exercise should be an adjunct to a proper lifestyle and diet control.


    Materials and Methods


    The aim of the review was to understand the mechanism by which PA works on the prevention and management of diabetes. Different online sources such as Sci-Hub, PubMed, Google Scholar, Library Genesis were searched to find relevant papers that can provide with information on the importance of PA and the mechanism by which PA works. Fifty-seven papers with systematic review, meta-analysis, randomized control trials, cross-sectional studies were shortlisted and 55 of them were included in the mini-review. The keywords used in the search for the articles were “pre-diabetes,” “diabetes,” “diabetes pre-diabetes prevalence,” “Physical activity,” “Mechanism of action of physical activity,” “mechanism of action of Yoga in diabetes,” “mechanism of action of exercise in diabetes,” “diet for diabetes management,” “diet to delay diabetes onset,” “sleep and pre-diabetes,” “sleep and diabetes,” “COVID-19 pandemic,” and “risk for diabetes and diabetes complications.” Retrospective studies and studies carried with subjective assessments alone and pilot studies were excluded. The studies that were not related to the concept sought out in the current study were excluded from the review. The review process resulted in getting a precise idea about the mechanism by which PA works in the prevention and management of DM. The results are summed up in a basic understanding that ample duration of PA can help achieve optimal glycemic outcomes through balancing the release of insulin, glucagon, and glycogen in people under risk and who are diagnosed with diabetes. People with diabetes can thus achieve physical, mental, and social harmony in a period of time.


    Result


    The current review resulted in understanding the possible mechanism by which PA works in the prevention and management of diabetes as well as delaying of conversion of PDM to diabetes. The review could also bring up the risk factors for diabetes other than known nonmodifiable factors like age and family history and nonmodifiable factors like obesity and stress. This review altogether highlights PA as a top priority risk factor for the cause of diabetes. There are several risk factors in the current pandemic time including stress, fear, worry, anxiety, and increased hours with electronic devices that impair the fat and glucose metabolism resulting in shortening the conversion time from PDM to DM. This mini-review highlights the importance of PA, diet, and yoga, pranayama, meditation as a stress reduction approach to improve metabolism, wellbeing, and quality of life in people with PDM and diabetes.


    Discussion


    PA defined as bodily movement involving skeletal muscles that in turn results in energy expenditure is claiming its impact on glucose and fat metabolism.[bookmark: ft47][47] In the current scenario of COVID-19 pandemic outbreak, health and wellness are at risk. Work from home, increased duration of dependency on electronic devices, increasing stress, and anxiety are all the triggering factors for the increasing prevalence of metabolic disorders like DM. To prevent diabetes at this time and in future, it is essential to reduce economical, physical, and mental burden. Diet modifications, stress-relieving therapies like meditation, breathing practices, and pranayama, and outdoor games are the remedies to fight against crisis-induced triggers. Dietary modifications including avoiding processed and refined items and adding polyunsaturated fatty acids like omega-3, omega-6, and omega-9 in the daily menu have been very vital for insulin secretion.[bookmark: ft48][48] Behavioral counseling helps to get awareness about the need for PA in young adults under various risks including diabetes.


    Diabetes with higher enrollment in PA is observed with lower healthcare expenditures when compared to physically less and inactive cases.[bookmark: ft48][48] Research shows that blood glucose level can drop drastically with aerobic exercises and shoot up with anaerobic exercises.[bookmark: ft49][49],[bookmark: ft50][50] Hence, consulting PA trainer or a physician before choosing the type of exercise and intensity is important. Certain factors like avoiding anti-diabetic medications before aerobic exercise is also to be noted down.[bookmark: ft51][51] Medium intensity PA is recommended for diabetes under medication. On the other hand, intense PA is suggested for PDM and diabetes not under medication and with no associated complications. The mechanism by which PA works is by decreasing hepatic glucose production and oxidative stress[bookmark: ft52][52] and by increasing peripheral glucose uptake[bookmark: ft53][53] that in turn helps in glucose–insulin regulation thereby controlling the glycemic load and variability.


    Yoga and pranayama are categorized under mild to moderate intensity PA and are of the best choice in retaining the balance of blood glucose level during and after the practice. Finding time for yoga[bookmark: ft54][54] and exercise is always a matter of question among professionals and nonprofessionals. Foreseeing the risks for health will be a self-motivational factor for adopting therapies to keep individuals physically active. Regular practice of yoga for 30min to 1h can be the best of all PAs along with other stretching exercises. At long duration work, PA can be in the form of simple stretching exercises like sitting or standing at 30min interval, short 5-min walk at every hour of work, and occasional sit and stand exercise, and short 5–10min breath regulating mind-relaxing practice of pranayamas like Bhramari and Nadisuddhi can not only increase work productivity, but also enhance physical wellbeing and ease out the internal stress. Together with that, getting involved in household activities, outdoor games, jogging, running, swimming, cycling are the other best remedies for moderately being active after office hours. Accepting the facts and trying to secure the life ahead by a modified lifestyle with Yoga and PA will prevent diabetes and ensure a complication-free life ahead for people with diabetes.


    Conclusion


    Prolonged sitting, physical inactivity, and unhealthy diet are the highest known risk factors for PDM and diabetes in the current scenario. It is of utmost need to inculcate PAs even during medication for such disorders. PA in the form of Yoga, pranayama, and periodic scheduling of healthy break with stretching practices and other forms of exercises can guarantee fat and glucose metabolism and glucose homeostasis. Improved PA can thus prevent and manage DM. Along with this, discipline on diet, sleep hygiene, and stress reduction therapies can offer immense support for prevention and management of DM.
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  Chart 1: Flow Chart on PA and its path of action for the prevention and management of DM. Note: FNx01PA = physical activity; T2DM = Type 2 DM.
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