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Abstract

:

Recent findings suggest a correlation between COVID-19 and diabetes, although the underlying causes are still little understood. COVID-19 infection tends to induce severe symptoms in patients with underlying diabetes, increasing their mortality rate. Moreover, COVID-19 itself appears to be a diabetogenic factor. In addition, mental health conditions, such as depression due to lockdown and anxiety about infection, were found to affect glycemic control and immunity, highlighting the importance of mental health care during the pandemic. Mind–Body Intervention (MBI), which includes meditation, yoga, and qigong, has emerged as a tool for mental health management due to its effects on stress reduction and the promotion of mental and physical well-being. Here, we review the latest randomized controlled trials to determine the effects of MBI on glycemic control and the immune system and discuss the underlying mechanisms by which MBI facilitates the virtuous cycle of stress management, glycemic control, and immune modulation. Furthermore, we examine the actual utilization of MBI during the COVID-19 pandemic era through recent studies. With proper online education, non-pharmacological MBI may be more widely used as an important tool for self-health care that complements the usual treatment of COVID-19 patients and survivors.
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1. Relationship between COVID-19 and Diabetes, and the Potential Benefits of Mind–Body Intervention (MBI)


Patients with pre-existing conditions including diabetes may have a worse prognosis from coronavirus disease 2019 (COVID-19) infections. During the pandemic, lockdown-mediated social isolation, uncertainty, anxiety and reduced physical activity can aggravate diabetes-specific emotional distress, which may decrease both compliance to therapeutic regimens and glycemic control. Poor mental health and socioeconomic issues caused by COVID-19 or post-COVID may also increase the risk of type 2 diabetes mellitus (T2DM). Non-pharmacological therapeutic approaches such as Mind–Body Intervention (MBI), although mainly used as a stress reduction strategy, were also reported for their modulating effects on both glycemic control and immune function, suggesting their potential use in self-health care during the pandemic. Given the relatively recent occurrence of COVID-19, not many studies have examined the application of MBIs for the prevention or recovery of COVID-19. Here, we approach this review by systematically examining the effects of MBI on factors correlated with disease severity and mortality from COVID-19 such as glycemic state and immunological factors. Following this, we explore studies that examined the effects of MBI on depression, anxiety, and stress associated with poor immune function, which can aggravate negative clinical outcomes of COVID-19. Lastly, we discuss current studies that have examined the effects of COVID-19 on the physical and mental health of COVID-19 patients, as well as caregivers. We hope that this study can provide a basis for the practical use of MBI not only for the management of mental health, but also in glycemic control and immunity during the pandemic.



Recent studies indicated a possible bidirectional relationship between COVID-19 and diabetes. Diabetes patients have an increased risk of exhibiting severe COVID-19 clinical outcomes, that is, higher rates of hospitalization and mortality [1]. Moreover, new-onset diabetes and severe metabolic complications of pre-existing diabetes (including ketoacidosis and hyperosmolarity) have often been observed in patients with COVID-19 [2,3,4]. Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), which causes COVID-19, binds to angiotensin-converting enzyme 2 (ACE2) receptors expressed in major metabolic tissues, including pancreatic beta cells, adipose tissue, small intestine, and kidneys [5]. These events induce a variety of changes in glucose metabolism, which complicates the pathophysiology of pre-existing diabetes or triggers novel mechanisms in the disease. Other coronaviruses, which bind to ACE2 receptors, often induce ketosis-prone diabetes [6]. There were higher incidences of fasting glycemia or acute-onset diabetes in SARS coronavirus 1 pneumonia patients than in non-SARS pneumonia patients [6].



As COVID-19 continues to spread globally, leading to a substantial number of confirmed cases, health care crises have emerged in several cities worldwide, causing an increase in individuals needing home care for COVID-19 infection and other pre-existing diseases. During this pandemic, public education regarding non-pharmacological MBI techniques complementary to regular therapy would help self-care and health promotion for affected individuals and the general public. This paper is a comprehensive review of recent studies on the effects of MBIs on glycemic control, the immune system and mental health, together with their potential underlying mechanisms. Moreover, it includes recent studies regarding the application of MBI in COVID-19 patients/survivors and health care providers, patients with other diseases, and healthy populations during the current pandemic.



MBIs (also called mind–body therapies, mind–body training, mind–body medicine) include a wide range of strategies such as meditation, yoga, tai chi, and qigong. Many of these strategies often emphasize focusing on the present moment, resulting in stress reduction, mental health improvements, and beneficial effects on physical health [7,8,9,10]. As one’s ability of awareness, either of one’s own body senses or the outside world, can be mainly cultivated through various traditions of MBI practices, the effects and mechanisms of MBIs might be fundamentally different from general exercise or resting behavior. Studies have shown that MBIs exert hypoglycemic [11,12,13,14,15,16], as well as immune-modulating effects [17,18], implying their potential contribution toward improving the prognosis of COVID-19, a potentially diabetogenic infectious disease.




2. Literature Review Methods and Findings


2.1. Search Strategy


Although this study is not a systematic review, in order to provide transparency in the search and selection process, we followed the guidelines of the Preferred Reporting Items for the Systematic Reviews and Meta-Analysis (PRISMA) statement [19]. PubMed was searched for articles published within the last 5 years (March 2017~May 2022) regarding the effects of MBI (keywords: yoga, qigong, tai chi, meditation, MBSR, Mind–Body Intervention, mindfulness) on glucose-related biochemical measures (keywords: glucose, HbA1c, insulin) or on immune function-related measures (keywords: CRP, interleukin, TNF, interferon, B cells, NK cells, T cells) by all combinations of two keywords consisting of an intervention and an outcome (e.g., “yoga, HbA1c”) in titles and abstracts.




2.2. Selection Criteria


Articles were eligible if they were (1) randomized controlled trials (RCTs), (2) published in English, (3) published within the last 5 years. Moreover, they were included if they reported (4) a Mind–Body Intervention as a main intervention, (5) glucose-related biochemical measures as research outcomes, and (6) immune function-related measures as research outcomes. Studies were ineligible if they were (1) case reports, protocol papers, reviews or theoretical articles; (2) book chapters; and (3) studies whose main interventions were not MBIs. In addition, studies were excluded (4) if the study outcomes were not related to glycemic or immune function, (5) if the number of participants in the study was fewer than 20, and (6) if studies were retracted. Articles were screened for eligibility by specific inclusion and exclusion criteria. From the selected articles, information was extracted by assessing the full text.



By the above mentioned search methods, 176 papers were identified from Pubmed and 95 duplicate papers were removed. Among 81 papers assessed for eligibility, the following number of papers was excluded with indicated reasons: diet intervention (n = 13); acupuncture/accupressure intervention (n = 3); protocols (n = 3); lifestyle intervention (n = 1); no MBI interventions (n = 8); outcomes not related to glycemic or immune function (n = 6); nutrients intervention (n = 2); drug intervention (n = 1); retracted (n = 1); reviews (n = 2) (Supplementary Figure S1).




2.3. Study Quality Assessment


To assess study quality, checklists of the National Heart, Lung, and Blood Institute (NHLBI) were used [20] with minor modifications by omitting items related to blinding due to their impracticality in MBI studies [18,21] (Supplementary Table S1). The followings are descriptions of each item for quality assessment: 1. RCT; 2. adequate randomization method; 3. similarity of groups at baseline; 4. drop-out rate less than 20% at end point; 5. differential drop-out rate less than 15%; 6. adherence to intervention protocols; 7. similar background intervention; 8. valid and reliable outcome measurement; 9. power calculation; 10. pre-specified outcomes; 11. intention-to-treat analysis. Items were evaluated as ‘yes (present)’ or ‘no (absent)’; one point or zero points were added according to the evaluation, respectively. Total score was 11 for the highest quality paper. Study quality was considered higher if the score was close to 11. The 41 papers that were analyzed received the following assessments: score 10 (9 articles); score 9 (14 articles); score 8 (12 articles); score 7 (5 articles); score 6 (1 article).





3. Potential Effects of MBI on Glycemic Control


A number of studies reported the effects of MBIs on blood glucose, glycated hemoglobin levels, and insulin resistance in a variety of people, including those with T2DM, metabolic syndrome, overweight/obesity, or cardiovascular risk, some of which reported beneficial outcomes (Table 1).



One study showed that 3 months of yoga intervention lowered blood glucose and glycated hemoglobin (HbA1c) levels in T2DM patients, whereas standard walking exercises had no such effects (n = 48) [22]. However, another RCT for patients with T2DM (n = 87) showed that 3 months of qigong or tai chi did not induce significant changes compared to stretching (control group) [23]. For type 1 diabetes patients, 9 weeks of diabetic support significantly reduced HbA1c, whereas mindfulness-based stress reduction (MBSR) or cognitive–behavioral stress management did not (n = 48) [24]. The frequency of training sessions might also contribute to positive outcomes as an increased number of training sessions per week resulted in decreased glucose levels [22] while a single training session per week did not [23,24] if home practices were not counted, in T2DM patients.



Several studies have reported on the application of MBIs on blood sugar management among people with metabolic syndrome. Tai chi significantly reduced fasting blood glucose (FBG) and HbA1c levels compared to brisk walking and usual activity in this population (n = 246) [25]. In another study, yoga intervention was combined with a dietary regime. In this study, no significant differences were observed in fasting plasma glucose (FPG) levels between the yoga-based intervention group and the diet-only intervention group (n = 260) [26]. The impact of diet might be stronger than the MBI in the glycemic control, as there were no additional effects found in MBI plus diet compared to the diet-only in FPG level [26]. Additionally, in another study, three months of tai chi promoted no change in glycemic management (n = 54) [27]. Considering the long-term (6 and 9 months) effects of tai chi on glycemic control [25], changes might be observed after a longer period of MBI practice.



MBIs have been reported to be beneficial in lowering blood glucose levels of other susceptible populations, such as people with pre-diabetes, obesity, family history of T2DM, and high risk of ischemic stroke. An RCT involving women with pre-diabetes showed that 3 months of a diabetic yoga protocol significantly reduced the level of HbA1c and FPG levels compared to the waitlist control (n = 37) [28]. In women with body mass index ≥ 25, 8 weeks of MBSR significantly decreased FPG levels 8 weeks after the intervention and upon follow-up assessment after 16 weeks compared to health education (control) (n = 86) [29]. Meditation seems to be effective for relieving concerns regarding diabetes among not only adults but also adolescents. Adolescent girls with overweight/obesity, family history of diabetes, and elevated depressive symptoms were randomized into mindfulness-based group intervention or cognitive–behavioral intervention and subjected to 6 weeks of practice. Compared to the cognitive–behavioral intervention, the mindfulness-based group intervention showed significant reductions in fasting insulin levels and insulin resistance 6 weeks after the intervention but not at the follow-up assessment after 6 months. However, FBG was not altered at either 6 weeks or 6 months in both groups (n = 33) [30]. Individuals with cardiovascular diseases, including stroke, are recommended to engage in physical activity [36], which has been associated with the incidence of stroke in adults [37]. An RCT involving older adults at high risk for ischemic stroke revealed that 12 weeks of tai chi training significantly reduced FBG levels compared to the usual physical activity (control group) (n = 170) [31], suggesting that tai chi training provides sufficient improvements in glycemic control of elderly people at high risk for ischemic stroke. Genetic predisposition has been considered one of the major risk factors for diabetes [38,39,40,41,42]. In fact, an RCT on non-diabetic offspring whose parents have diabetes found that 8 weeks of yoga significantly reduced FPG levels, oral glucose tolerance test post-2 h glucose levels, fasting insulin levels, and insulin resistance, whereas the control group showed no significant changes (n = 57) [32]. This implies that yoga practice can effectively relieve the aforementioned pre-diabetes features. The aging process increases cellular stress and damage in pancreatic β cells, thereby reducing the insulin secretion capacity of β cells and increasing insulin resistance, leading to dysregulation of glucose control and age-related diabetes [43]. Therefore, glycemic control is critical for older adults. Among elderly populations, 9 weeks of mindfulness program significantly reduced HbA1c levels, whereas routine care promoted no significant changes (n = 120) [33], suggesting the beneficial effects of MBI on glycemic control among the elderly. In the above mentioned susceptible populations without disease, MBI was relatively effective in glycemic modulation.



However, MBI was not effective for glucose regulation of cardiac patients under cardiac rehabilitation. In an RCT involving patients undergoing cardiac rehabilitation following acute coronary events, 3 months of yoga practice showed no difference in FBG compared to the usual care (n = 60) [34]. In another study for cardiac patients, no change was found in HbA1c level after 8 weeks of MBSR program (n = 47) [35].



Although many studies have reported the beneficial effects of MBI on glycemic regulation, variations in its effects have been noted perhaps due to the different health states of subject populations, their education level, and the intensity, frequency, and period of MBI performance, warranting further studies to understand which conditions most effectively regulate glucose level to improve the use MBI for self-care.




4. Potential Effects of MBI on the Immune System


Glycemic regulation interacts with the innate immune system. Diabetes is accompanied by systemic low-grade inflammation, and chronic activation of the innate immune system dysregulates insulin secretion and contributes to diabetes complications [44]. MBI has also been studied for its effects on immune function; inflammation, and cell-mediated immunity [17,45]. Studies performed in wide range of populations, including healthy individuals, lonely elderly, people with depression or anxiety disorders, cancer patients, rheumatoid arthritis patients, those with metabolic syndrome, myocardial infarction, mild cognitive disorders, fibromyalgia, glaucoma, human immunodeficiency virus (HIV)-1, parkinson’s disease (PD) and cardiac rehabilitation, have implied the potential impacts of MBI on immune function (Table 2).



During infection, pro-inflammatory markers—C-reactive protein (CRP), interleukin-6 (IL-6) as well as interferon-gamma-inducible protein-10 (IP-10)—respond acutely. In chronic inflammatory conditions, such as diabetes, systemic levels of these markers remained increased for an extended period of time [73,74]. Moreover, inflammation also increases in the aging process [75]. In some healthy populations, MBI was found to have impacts on inflammatory marker expression and modulating immune cells. In an RCT, 413 healthy middle-aged adults were randomized into three groups: MBSR, aerobic exercise, or waitlist group [46]. Time had a major effect on CRP within the MBSR group; with a reduction in CRP level after 17 weeks but not 8 weeks. Other inflammatory markers, including IL-6 and IP-10, were not significantly altered following MBSR [46]. Aerobic exercise did not change CRP or IL-6 but significantly reduced IP-10 levels after the intervention (8 weeks) and upon follow-up (17 weeks), whereas no changes in the waitlist group were observed at all time points. This result implies a distinct working mechanism between MBI and physical exercise in middle-aged adults. Similarly, CRP levels were not changed in another RCT right after 8 weeks of MBSR [47], suggesting that a longer period of MBSR training may be required to observe these changes. In younger adults, MBSR exhibited a reduction in the secretion of one inflammatory marker secretion (IL-8), with no significant changes in other inflammatory markers [48]. In adolescents, MBSR was not effective in immune modulation, with no changes in the levels of CRP or IL-6 [49]. In another RCT among healthy adults, 3 months of qigong training significantly reduced peripheral IL-6 levels (n = 48) [50]. In addition, 3 months of contemplative mental training cultivating interception and present-moment focus (presence module) significantly reduced IL-6 and CRP in people with a high inflammatory load [51].



For healthy people, acute psychological stress increases circulating levels of peripheral blood natural killer (NK) cells, which are major constituents of the innate immune system, implying a potential for the development of allergic and autoimmune disorders [76]. On the other hand, chronic stress-induced glucocorticoids can cause adaptive immune deficiency via the apoptosis of B and T lymphocytes in mice [77]. An RCT involving 43 healthy people found that 1 month of qigong practice significantly reduced the percentage of NK cells and increased the number and the percentage of B lymphocytes, which are key components of adaptive immunity [52]. This indicated that short-term MBI could exert an immunomodulatory action on innate and adaptive immune responses. However, some studies found that MBI had no immune-regulating effects. In an RCT involving 54 healthy university students, 8 weeks of mindfulness training did not induce any changes in the participants’ immune systems (no changes in the levels of cortisol, CRP, IL-8, tumor necrosis factor-alpha (TNF-α), %CD4+ T lymphocytes, %CD8+ T lymphocytes, %CD19+ B lymphocytes, %CD14+ monocytes, and %NK cells) [53], implying that MBI had different effects depending on the population demographic.



Mental conditions such as depression and anxiety are strongly linked to low-grade systemic inflammation [78]. In RCTs for patients with major depression [54] or anxiety disorder [55], MBIs significantly reduced inflammatory cytokines including IL-6, suggesting the potential use of MBIs to improve depression- or anxiety-related low-grade inflammation. Low-grade inflammation was also observed in conditions of neurodegenerative disorders. A meta-analysis of 170 studies showed that elevated inflammation is a feature of mild cognitive impairment and Alzheimer’s disease [79]. Compared with the control, in the periphery, higher levels of soluble TNF receptor2 (sTNFR2), IL-6, monocyte chemoattractant protein-1 (MCP-1) were identified in MCI, and levels of high-sensitivity CRP (hs-CRP), IL-6, sTNFR1, sTNFR2, IL-1β increased in AD. In patients diagnosed with MCI, 8 weeks of MBSR in comparison to cognitive training significantly reduced the activation of some subsets of monocytes, which were central detectors and modulators of inflammation (n = 20) [56]. Among older adults with mild cognitive impairment, mindful awareness practice (MAP) exhibited significant reductions in hs-CRP after 9 months for all participants in the MAP group and in IL-6 and IL-β at 3 months for males of MAP, compared to the health education program group (n = 55) [57]. The level of TNF-α was not changed by both MBSR [56] and tai chi [58]. Another detrimental neurodegenerative disorder, Parkinson’s disease (PD), also exhibits higher peripheral concentrations of inflammatory markers—including IL-6, TNF, IL-1β, IL-2, IL-10, CRP and regulated upon activation, normal T cell expressed and presumably secreted (RANTES)—according to a meta-analysis that included 25 studies [80]. In an RCT with early-stage PD patients, tai chi practice significantly reduced IL-1β, IL-7, IL-9 compared to usual care; however, the effects were equivalent to brisk walking [59]. For MBI studies with PD patients reporting inflammatory outcomes, there was only one study; therefore, more RCTs are expected to discuss the effects of MBI on inflammation in PD conditions.



Multiple trials sought to determine the potential benefits of MBI for immune modulation in cancer patients. While breast cancer patients undergoing active therapy did not show significant differences in CRP levels by MBSR [60], breast cancer patients after active therapy (e.g., surgery) exhibited significant improvements in immune function by MBIs [61,62,63]. In an RCT involving early-stage breast cancer patients, 8 weeks of MBSR promoted significantly better NK cell activity and lower levels of TNFα, IL-6, and interferon gamma (IFNγ) compared to the control group, who participated in a series of cancer recovery and health education classes (n = 124) [61]. In another RCT with breast cancer patients who completed adjuvant chemotherapy and/or radiation therapy, participants were divided into three groups: MBSR, active control (self-instructing MBSR), and no intervention group. Eight weeks of both MBSR training and active control significantly reduced the number of NK cells compared to the no intervention group, while it did not change the levels of IL-6 and IL-8. Within the MBSR group, NK cell activity and CD19+ B-lymphocyte number were increased and the percentages of CD3+ or CD3+8+ T lymphocytes were decreased, while IL-6 and IL-8 were not changed at post-intervention compared to baseline (n = 166) [62]. Six weeks of MBSR for breast cancer survivors immediately reduced the level of IL-6 after classes in the sixth week; however, there were no differences between groups for changes over time (n = 322) [63]. There were two RCTs of MBIs with patients of other cancer types that reported immune-related outcomes. In an RCT involving patients with gastrointestinal cancer, yoga significantly reduced the levels of inflammatory cytokines IL-6 and sTNF-R1 compared to the attention control group. The level of TNF-α was not different between the groups (n = 44) [64]. In another RCT on patients with myeloproliferative neoplasm, the level of TNF-α was revealed to be reduced by online yoga training of 12 weeks (n = 48) [65]. Most of these MBI studies reported positive or no changes in immune-related outcomes for cancer patients.



Rheumatoid arthritis, an autoimmune disease, has been shown to accelerate immune system aging and reduce immune cell function with chronic low-grade systemic inflammation. Two recent RCTs showed that yoga intervention promoted beneficial effects in reducing inflammation in patients with rheumatoid arthritis. In one RCT, the levels of systemic inflammation markers, including erythrocyte sedimentation rate and CRP, and pro-inflammatory cytokines, such as IL-6, IL-17A, and TNF-α, were lowered, whereas the levels of an anti-inflammatory cytokine transforming growth factor beta (TGF-β) and immunomodulatory marker human leukocyte antigen-G (HLA-G) were increased (n = 72) [66]. In another RCT, yoga also significantly reduced the levels of pro-inflammatory cytokines, such as IL-1α, IL-6, and TNF-α (n = 166) [67]. Some MBI studies reported immune-related outcomes for not only rheumatoid arthritis patients, but also axial spondyloarthritis patients. Training programs consisted of breathing, exercise, and gradual cold exposure, and meditation significantly reduced the levels of ESR and ASDAS-CRP, but not levels of calprotectin and hs-CRP, after 8 weeks compared to the usual care control (n = 24) [68]. In these three RCTs for arthritis patients, MBIs report partially beneficial, at least not harmful, changes in immune-related outcomes among the investigated items.



Studies reported that dysregulated inflammation can be observed in wide range of disease conditions, such as metabolic syndrome [81], myocardial infarction [82], fibromyalgia [83], glaucoma [84], and HIV [85]. In people with metabolic syndrome, yoga-based lifestyle interventions significantly reduced the levels of pro-inflammatory cytokine IL-6 after 2 weeks of intervention, maintaining this reduction until the end of the treatment (12 weeks), although other pro-inflammatory markers, such as TNF-α, remained unchanged (n = 260) [26]. In an RCT involving patients with myocardial infarction, qigong practice altered 80 proteins based on proteomic analysis, more than half of which (41 proteins) were associated with immune processes (n = 110) [69]. In patients under cardiac rehabilitation, hsCRP levels were reduced in the MBSR group compared to the control group, although the difference was not statistically significant (n = 47) [35]. Fibromyalgia patients exhibited a reduction in anti-inflammatory IL-10 levels within a time frame of 8 weeks in usual care, while MBSR intervention successfully maintained IL-10 levels after 8 weeks (n = 70) [70]. In patients with glaucoma, 21 days of training of mindfulness meditation significantly reduced the levels of IL-6 and TNF-α, while waitlist control did not (n = 82) [71]. In HIV-1 patients, MBSR significantly improved psychological conditions but did not induce statistical improvements in immune-related outcomes (n = 177) [72].



The above results indicate that MBIs have positive impacts on immune-modulation in some conditions, suggesting their possible efficacy in treating symptoms of chronic inflammation or dysregulated immune response.




5. Underlying Mechanism of MBI: Link between Stress Reduction, Glycemic Control, and Immune Modulation


Studies in both animals and humans have shown that physiological responses to psychological stress are associated with T2DM [86] and immune function [87]. Under stress conditions, the sympathetic nervous system (SNS) and hypothalamus–pituitary–adrenal (HPA) axis are activated. SNS activation increases adrenaline release from the adrenal medulla, inducing energy mobilization and increasing the secretion of cytokines together with other multiple physiological responses. Simultaneously, HPA axis activation induces cortisol secretion from the adrenal cortex into the circulation, which directly reduces insulin secretion [88], increases glucose levels in the systematic circulation, and suppresses inflammatory responses [89,90]. Chronic exposure to cortisol increases susceptibility to hyperglycemia and diabetes mellitus [91]. Moreover, patients with chronically elevated glucose levels, such as those with T2DM, exhibit low-grade inflammation through multiple pathways [92,93]. Indeed, a large epidemiological study involving 3500 individuals revealed that people with T2DM had a flatter slope of cortisol level during the day and greater evening levels of cortisol compared with healthy people [94].



Psychological stress-induced secretions of hormones and neurotransmitters, such as cortisol, epinephrine, and norepinephrine, affect immune cells, causing changes in the immune system during stress [95,96]. Chronic exposure to stress can promote negative systemic changes in the immune system [97]. For instance, psychological stress, such as negative social interactions, have been linked to increased inflammation [98]. Moreover, aging coupled with chronic stress exacerbates immune senescence [99]. Under chronic stress, the negative feedback loop for cortisol is disabled, resulting in a dysregulated immune system, i.e., increased inflammation and compromised immune response [99]. For instance, caregivers providing long-term care exhibit lower antibody and cell-mediated immune responses after vaccination [100,101].



Considering the effects of psychological stress on blood glucose levels and immune function as described above, stress management through MBI may play a protective role against the stress-induced acceleration of diabetes, systemic inflammation, or immune system dysregulation. Despite the varying types of MBI, the key benefits of MBI commonly include stress reduction, mood improvements, and improved sleep [102,103,104,105]. These beneficial changes associated with stress reduction may be associated with reduced activity of the SNS together with the HPA axis, which results in an improvement in immune modulation and lower inflammation [87,106], as well as decreases in blood glucose levels [11,12]. Recent studies showed the potential diabetogenic effect of COVID-19 and the increase in the risk of severe COVID-19 caused by diabetes. The beneficial modulating effects of MBI on blood glucose and the immune system suggest that MBI can be used as a complementary approach in combination with regular therapies to manage COVID-19 or long COVID symptoms.




6. Utilization of MBI for COVID-19 and Long COVID


6.1. Symptoms of COVID-19 and Long COVID


According to a recent systematic review and meta-analysis of 51 studies with 18,917 patients, survivors of COVID-19 exhibit neuropsychiatric symptoms, including sleep disturbances (27.4%), fatigue (24.4%), objective cognitive impairment (20.2%), anxiety (19.1%), and post-traumatic stress (15.7%) at a mean of 77 days (range 14–182 days) after COVID-19 [107]. Aside from mental symptoms, various persistent physical symptoms, such as shortness of breath, chest pain, altered smell and taste, cough, myalgia, diarrhea, and organ dysfunction, were observed following COVID-19 infection [108,109]. MBI often includes meditation, breathing training, and focused body movements, which could potentially relieve multiple symptoms of COVID-19 or long COVID, such as shortness of breath, fatigue, anxiety, sleep disturbance, cognitive impairment, and post-traumatic stress [104,110,111,112,113,114,115].




6.2. Link between Diabetes, Immunity, and Mental Health in the COVID-19 and Long COVID


6.2.1. Mental Health and Diabetes in the COVID-19 and Long COVID


Among the general population, COVID-19 lockdowns have led to multiple psychological symptoms, such as anxiety, depression, and anger [116]. People with diabetes experience symptoms of psychological distress, such as hopelessness, anger, or frustration, which can affect patients’ health behaviors, for instance, causing a lack of self-care or reduced compliance with treatment [117]. These negative emotions, which are called diabetes distress, arise from living with diabetes and the burden of self-management. During COVID-19 or post-COVID, lockdown-mediated social isolation, uncertainty, anxiety and reduced physical activity can aggravate diabetes-specific emotional distress [118], which may decrease compliance to therapeutic regimens and decreased glycemic control [119]. Poor mental health and socioeconomic issues caused by COVID-19 or post-COVID may increase the risk of T2DM, given the previously known T2DM risk factors, such as stressful working conditions, traumatic events, depression, conflict with others, and low socioeconomic status [120].




6.2.2. Mental Health and Immunity in the COVID-19 and Long COVID


Poor mental health states, such as depression, anxiety, and stress, have been associated with poor immune functions such as low-grade inflammation. In a meta-analysis that compared 5166 patients with depression and 5083 controls, patients with depression exhibited a significantly higher pro-inflammatory state (i.e., higher levels in CRP, L-3, IL-6, IL-12, IL-18, sIL-2R, and TNFα) than controls [121]. A meta-analysis investigating the relationship between anxiety and immune features based on 41 studies found significant differences in pro-inflammatory cytokines, including interleukin-1ꞵ, IL-6, and tumor necrosis factor-α, between healthy controls and people with anxiety disorders [122]. Another meta-analysis, examining the effects of acute stress on salivary inflammation from 33 studies with 1558 participants, showed significantly increased salivary inflammatory markers, such as IL-6, IL-10, TNF-alpha, and IFN-gamma, in response to stress [123]. COVID-19 can affect mental health not only through infection itself but also socioeconomically, which may increase susceptibility to infection and difficulty in recovering from a diseased state.




6.2.3. Improvements in Mental Health through MBI


It is well-established that MBI techniques (e.g., meditation, yoga, qigong, etc.) induce the relaxation of the body and mind by activating the parasympathetic nervous system (PNS), leading to beneficial effects on mental health for a variety of different people (the elderly, students, patients with post-traumatic stress disorder (PTSD) or depression, etc.). A meta-analysis involving 1076 participants from 19 studies found that mindfulness meditation interventions improved depressive symptoms in older adults [124]. Meditation techniques are also valid for other mental health issues. In fact, a meta-analytic review that compared the effects of meditation and relaxation therapies on anxiety, based on 14 RCTs with 862 participants suffering from anxiety disorders or high-trait anxiety, revealed that meditation promoted slightly better outcomes for anxiety symptoms than relaxation, which might remain more effective at 12-month follow-up [112]. In addition, meditation and yoga seem to be promising complementary approaches for PTSD patients according to a meta-analysis of 19 RCTs with 1173 patients [115]. Considering the link between mental health, diabetes and the immune system, it is expected that better mental health by MBI might contribute to reducing the occurrence of diabetes, its complications, decreasing infection rates of infectious diseases, as well as increasing recovery rates from infections.





6.3. Effects of MBI on General Health in Those with COVID-19 and Long COVID


6.3.1. Improvements in Dyspnea, Anxiety, Depression, and Quality of Life following MBI for COVID-19 Patients/Survivors


Since the COVID-19 outbreak, studies on MBI in patients with COVID-19, other diseases, and the general public have contributed to investigating the health benefits of MBI, which can be applied through self-health management techniques. In general, several MBIs often include some common components, for example, breathing practices. This common feature of MBI makes it an attractive approach for complementary therapy against COVID-19 and long COVID, as its major symptoms have been associated with pulmonary function and breathing. COVID-19 can cause severe pulmonary disease. One study showed that among the 156 participants across five large Norwegian hospitals, one-third of participants experienced a reduction in oxygen uptake (V’O2peak < 80%) during cardiopulmonary exercise testing 3 months after COVID-19 discharge [125]. Therefore, a proper breathing practice may contribute to a reduction in or elimination of dyspnea. Moreover, given that deep breathing usually activates the PNS, it may also reduce anxiety and improve one’s quality of life. The followings are results of RCTs investigating the effects of breathing on the health condition of COVID-19 patients or survivors.



An RCT conducted in the COVID-19 clinic of a tertiary hospital with 44 patients found that deep breathing exercises in the triflo group exhibited a significantly shorter hospitalization time, lower anxiety levels, higher oxygen saturation levels (SpO2), and a higher quality of life compared to the usual care group [126]. Among post-discharge COVID-19 patients, moderate to high-intensity aerobic (e.g., upper or lower limb ergometry, elliptical or treadmill, 20–60 min/session) and breathing exercises (10 min/session) for 5 weeks (3 sessions/week) significantly improved cardiorespiratory fitness [127]. In an RCT involving 120 COVID-19 survivors, a 6-week telerehabilitation program comprising breathing control, thoracic expansion, aerobic exercise, and lower limb muscle strength (LMS) promoted a significantly better 6 min walking distance, LMS, and physical health-related quality of life compared to controls [128]. In another study comprising 144 patients diagnosed with COVID-19, an intervention with psychological support and breathing exercise significantly exhibited less depression and anxiety and greater perceived social support level compared to the control group, after a 10-day intervention [129]. In another study, COVID-19 patients in home confinement over the last 40 days were randomized into breathing exercise or control groups. They were asked to perform breathing exercises for 10–30 min daily over 7 days depending on the Borg evaluation scale, which reflects the intensity of exercise or workload. Accordingly, the breathing group but not the control group showed a significant decrease in Borg scale scores and dyspnea and a significant increase in exercise capacity (measured using the duration of 6 min walking test (6MWT)) and peripheral muscle performance of the lower limbs (measured using the 30 s sit-to-stand test). Moreover, there were significant between-group differences in all of the above-mentioned measures [130]. In an RCT involving 72 elderly patients with COVID-19, 6-week respiratory rehabilitation training with respiratory muscle training, cough exercises, diaphragmatic training, stretching exercises, and home exercises significantly improved pulmonary function (measured using forced expiratory volume at 1 s (FEV1(L)), forced vital capacity (FVC (L)), FEV1/FVC%, diffusing lung capacity for carbon monoxide (DLCO%), exercise capacity (measured using the 6MWT), and quality of life [131]. Internet-based online MBI also exhibited a beneficial effect on the mental health of patients. In a 2-week RCT investigating 26 COVID-19 patients, the daily practice of the internet-based integrated intervention, which included breath relaxation training and body scan (mindfulness) significantly reduced anxiety and depression [132].




6.3.2. Effects of MBI for Patients with Other Diseases, Health Care Professionals, and the Elderly during the COVID-19 Pandemic


During the COVID-19 pandemic, several cities worldwide experienced a health care crisis, which impacted the treatment of patients with other disease besides COVID-19 and public health in general. Given that MBI is non-pharmacological and easy to access, it can be used as a self-health management technique not only for COVID-19 patients/survivors but also a wide range of populations, including healthy individuals. In fact, an RCT involving 101 obstetrics and gynecology patients during the COVID-19 pandemic showed that a mobile meditation app significantly reduced perceived stress, depression, anxiety, and sleep disturbance compared to standard care [133]. During the pandemic, health care professionals experienced unprecedented work pressure, causing mental health issues for such populations. An RCT investigating 155 physicians and advanced practice providers who were lonely (50%) and had sleep problems (97%) found that 4 weeks of daily meditation training significantly reduced loneliness and improved sleep quality [134]. Another RCT that investigated community-dwelling older adults revealed that 3.5 weeks of cognitive–behavioral and mindfulness practice significantly reduced levels of depression and loneliness compared to the waitlist control group during the pandemic [135]. Moreover, another RCT exploring the health benefits of tai chi for older adults during the pandemic showed that a 10-week tai chi intervention significantly decreased perceived stress compared to the control group (n = 30) [136].





6.4. Practical Implications of MBI for COVID-19 and Long COVID


As MBIs are non-invasive/non-pharmacological interventions, and their intensity, frequency and education details can be customized according to the target populations, they are currently widely used with target-modified versions for various target populations, including patients with diabetes, hypertension, cancer, affective disorders, PTSD, etc. A wide age range is also applicable as the methods can be modified for the target age. There are no gender limitations in the application for these methods. Once a method is properly learned from a certified expert of a certain MBI program, one can freely practice by oneself for one’s own health management for a lifetime. The personal and social burden in health management and recovery increased throughout the pandemic. Organizations for public health can communicate the benefits, safety, precautions of MBIs more actively and support MBI education for the public in order to improve individuals’ mental and physical health condition at home, especially in times of difficulty in use for public health services during the pandemic.





7. Limitations of the Study


Multiple limitations exist in the current study. As this was not a systematic review or meta-analysis, statistical conclusions could not be made. Investigations of both glycemic and immune-related outcomes within a single study have rarely been performed; therefore, the papers included in the current study mostly report outcomes related to only one aspect (either glycemic or immune-related outcomes). In the included papers, there is a wide variety of MBI methods and participant characteristics. Therefore, a specific MBI that has beneficial effects on one health aspect (e.g., glycemic control) does not guarantee its effects for another aspect (e.g., immunity) as well. For future studies, RCTs handling both aspects within specified populations should be performed.




8. Conclusions


Although much of the relationship between COVID-19 and diabetes still remains unclear, evidence regarding such an association has emerged. COVID-19 may induce diabetes, while pre-existing diabetes can exacerbate COVID-19 symptoms. MBI reduces psychological stress and can improve mental and physical health. Accumulated studies suggest that MBI may have positive effects on glycemic control and immune modulation potentially through stress reduction, followed by reduced HPA axis/SNS activation and increased PNS activity. This suggests that MBI may potentially improve the prognosis of COVID-19, which may cause diabetes or exacerbate symptoms among those with pre-existing diabetes.








Supplementary Materials


The following supporting information can be downloaded at: https://www.mdpi.com/article/10.3390/ijerph19116618/s1, Figure S1: A PRISMA Flow diagram to describe study selection process; Table S1: Quality assessment of randomized controlled trial by the NIHLBI guidelines with minor modifications for selected studies.





Author Contributions


Conceptualization, H.-J.Y.; investigation, H.-J.Y.; writing—original draft preparation, H.-J.Y.; writing—review and editing, N.S. and E.K.; visualization, H.-J.Y.; supervision, H.-J.Y., N.S. and E.K.; project administration, H.-J.Y. All authors have read and agreed to the published version of the manuscript.




Funding


This research received no external funding.




Institutional Review Board Statement


Not applicable.




Informed Consent Statement


Not applicable.




Conflicts of Interest


The author declares no conflict of interest.




References


	



Cuschieri, S.; Grech, S. COVID-19 and diabetes: The why, the what and the how. J. Diabetes Complicat. 2020, 34, 107637. [Google Scholar] [CrossRef]

	



Chee, Y.J.; Ng, S.J.H.; Yeoh, E. Diabetic ketoacidosis precipitated by COVID-19 in a patient with newly diagnosed diabetes mellitus. Diabetes Res. Clin. Pract. 2020, 164, 108166. [Google Scholar] [CrossRef]

	



Li, J.; Wang, X.; Chen, J.; Zuo, X.; Zhang, H.; Deng, A. COVID-19 infection may cause ketosis and ketoacidosis. Diabetes Obes. Metab. 2020, 22, 1935–1941. [Google Scholar] [CrossRef]

	



Ren, H.; Yang, Y.; Wang, F.; Yan, Y.; Shi, X.; Dong, K.; Yu, X.; Zhang, S. Association of the insulin resistance marker TyG index with the severity and mortality of COVID-19. Cardiovasc. Diabetol. 2020, 19, 58. [Google Scholar] [CrossRef]

	



Hamming, I.; Timens, W.; Bulthuis, M.L.; Lely, A.T.; Navis, G.; van Goor, H. Tissue distribution of ACE2 protein, the functional receptor for SARS coronavirus. A first step in understanding SARS pathogenesis. J. Pathol. 2004, 203, 631–637. [Google Scholar] [CrossRef]

	



Yang, J.K.; Lin, S.S.; Ji, X.J.; Guo, L.M. Binding of SARS coronavirus to its receptor damages islets and causes acute diabetes. Acta Diabetol. 2010, 47, 193–199. [Google Scholar] [CrossRef]

	



Hilton, L.; Hempel, S.; Ewing, B.A.; Apaydin, E.; Xenakis, L.; Newberry, S.; Colaiaco, B.; Maher, A.R.; Shanman, R.M.; Sorbero, M.E.; et al. Mindfulness Meditation for Chronic Pain: Systematic Review and Meta-analysis. Ann. Behav. Med. 2017, 51, 199–213. [Google Scholar] [CrossRef]

	



Schutte, N.S.; Malouff, J.M.; Keng, S.L. Meditation and telomere length: A meta-analysis. Psychol. Health 2020, 35, 901–915. [Google Scholar] [CrossRef]

	



Breedvelt, J.J.F.; Amanvermez, Y.; Harrer, M.; Karyotaki, E.; Gilbody, S.; Bockting, C.L.H.; Cuijpers, P.; Ebert, D.D. The Effects of Meditation, Yoga, and Mindfulness on Depression, Anxiety, and Stress in Tertiary Education Students: A Meta-Analysis. Front. Psychiatry 2019, 10, 193. [Google Scholar] [CrossRef]

	



Shi, L.; Zhang, D.; Wang, L.; Zhuang, J.; Cook, R.; Chen, L. Meditation and blood pressure: A meta-analysis of randomized clinical trials. J. Hypertens. 2017, 35, 696–706. [Google Scholar] [CrossRef]

	



Pascoe, M.C.; Thompson, D.R.; Ski, C.F. Yoga, mindfulness-based stress reduction and stress-related physiological measures: A meta-analysis. Psychoneuroendocrinology 2017, 86, 152–168. [Google Scholar] [CrossRef]

	



Xia, T.; Yang, Y.; Li, W.; Tang, Z.; Huang, Q.; Li, Z.; Guo, Y. Meditative Movements for Patients with Type 2 Diabetes: A Systematic Review and Meta-Analysis. Evid. Based Complement Altern. Med. 2020, 2020, 5745013. [Google Scholar] [CrossRef]

	



Thind, H.; Lantini, R.; Balletto, B.L.; Donahue, M.L.; Salmoirago-Blotcher, E.; Bock, B.C.; Scott-Sheldon, L.A.J. The effects of yoga among adults with type 2 diabetes: A systematic review and meta-analysis. Prev. Med. 2017, 105, 116–126. [Google Scholar] [CrossRef]

	



Jayawardena, R.; Ranasinghe, P.; Chathuranga, T.; Atapattu, P.M.; Misra, A. The benefits of yoga practice compared to physical exercise in the management of type 2 Diabetes Mellitus: A systematic review and meta-analysis. Diabetes Metab Syndr. 2018, 12, 795–805. [Google Scholar] [CrossRef]

	



Chao, M.; Wang, C.; Dong, X.; Ding, M. The Effects of Tai Chi on Type 2 Diabetes Mellitus: A Meta-Analysis. J. Diabetes Res. 2018, 2018, 7350567. [Google Scholar] [CrossRef]

	



Meng, D.; Chunyan, W.; Xiaosheng, D.; Xiangren, Y. The Effects of Qigong on Type 2 Diabetes Mellitus: A Systematic Review and Meta-Analysis. Evid. Based Complement. Altern. Med. 2018, 2018, 8182938. [Google Scholar] [CrossRef]

	



Yeun, Y.R.; Kim, S.D. Effects of yoga on immune function: A systematic review of randomized controlled trials. Complement. Clin. Pract. 2021, 44, 101446. [Google Scholar] [CrossRef]

	



Jiang, T.; Hou, J.; Sun, R.; Dai, L.; Wang, W.; Wu, H.; Zhang, T.; Su, B. Immunological and Psychological Efficacy of Meditation/Yoga Intervention Among People Living With HIV (PLWH): A Systematic Review and Meta-analyses of 19 Randomized Controlled Trials. Ann. Behav. Med. 2021, 55, 505–519. [Google Scholar] [CrossRef]

	



Page, M.J.; McKenzie, J.E.; Bossuyt, P.M.; Boutron, I.; Hoffmann, T.C.; Mulrow, C.D.; Shamseer, L.; Tetzlaff, J.M.; Akl, E.A.; Brennan, S.E.; et al. The PRISMA 2020 statement: An updated guideline for reporting systematic reviews. BMJ 2021, 372, 71. [Google Scholar] [CrossRef]

	



NIH National Heart, Lung, and Blood Institute. Study Quality Assessment Tools. Available online: https://www.nhlbi.nih.gov/health-topics/study-quality-assessment-tools (accessed on 1 March 2022).

	



Zhu, X.; Yin, S.; Lang, M.; He, R.; Li, J. The more the better? A meta-analysis on effects of combined cognitive and physical intervention on cognition in healthy older adults. Ageing Res. Rev. 2016, 31, 67–79. [Google Scholar] [CrossRef]

	



Bock, B.C.; Thind, H.; Fava, J.L.; Dunsiger, S.; Guthrie, K.M.; Stroud, L.; Gopalakrishnan, G.; Sillice, M.; Wu, W. Feasibility of yoga as a complementary therapy for patients with type 2 diabetes: The Healthy Active and in Control (HA1C) study. Complement. Med. 2019, 42, 125–131. [Google Scholar] [CrossRef]

	



Li, X.; Si, H.; Chen, Y.; Li, S.; Yin, N.; Wang, Z. Effects of fitness qigong and tai chi on middle-aged and elderly patients with type 2 diabetes mellitus. PLoS ONE 2020, 15, e0243989. [Google Scholar] [CrossRef]

	



Ellis, D.A.; Carcone, A.I.; Slatcher, R.; Naar-King, S.; Hains, A.; Graham, A.; Sibinga, E. Efficacy of mindfulness-based stress reduction in emerging adults with poorly controlled, type 1 diabetes: A pilot randomized controlled trial. Pediatr. Diabetes 2019, 20, 226–234. [Google Scholar] [CrossRef]

	



Chan, A.W.K.; Chair, S.Y.; Lee, D.T.F.; Leung, D.Y.P.; Sit, J.W.H.; Cheng, H.Y.; Taylor-Piliae, R.E. Tai Chi exercise is more effective than brisk walking in reducing cardiovascular disease risk factors among adults with hypertension: A randomised controlled trial. Int. J. Nurs. Stud. 2018, 88, 44–52. [Google Scholar] [CrossRef]

	



Yadav, R.; Yadav, R.K.; Khadgawat, R.; Pandey, R.M. Comparative efficacy of a 12 week yoga-based lifestyle intervention and dietary intervention on adipokines, inflammation, and oxidative stress in adults with metabolic syndrome: A randomized controlled trial. Transl. Behav. Med. 2019, 9, 594–604. [Google Scholar] [CrossRef]

	



Leung, L.Y.; Chan, A.W.; Sit, J.W.; Liu, T.; Taylor-Piliae, R.E. Tai Chi in Chinese adults with metabolic syndrome: A pilot randomized controlled trial. Complement. Med. 2019, 46, 54–61. [Google Scholar] [CrossRef]

	



Singh, A.K.; Kaur, N.; Kaushal, S.; Tyagi, R.; Mathur, D.; Sivapuram, M.S.; Metri, K.; Bammidi, S.; Podder, V.; Modgil, S.; et al. Partitioning of radiological, stress and biochemical changes in pre-diabetic women subjected to Diabetic Yoga Protocol. Diabetes Metab. Syndr. 2019, 13, 2705–2713. [Google Scholar] [CrossRef]

	



Raja-Khan, N.; Agito, K.; Shah, J.; Stetter, C.M.; Gustafson, T.S.; Socolow, H.; Kunselman, A.R.; Reibel, D.K.; Legro, R.S. Mindfulness-Based Stress Reduction in Women with Overweight or Obesity: A Randomized Clinical Trial. Obesity 2017, 25, 1349–1359. [Google Scholar] [CrossRef]

	



Shomaker, L.B.; Bruggink, S.; Pivarunas, B.; Skoranski, A.; Foss, J.; Chaffin, E.; Dalager, S.; Annameier, S.; Quaglia, J.; Brown, K.W.; et al. Pilot randomized controlled trial of a mindfulness-based group intervention in adolescent girls at risk for type 2 diabetes with depressive symptoms. Complement. Med. 2017, 32, 66–74. [Google Scholar] [CrossRef]

	



Zheng, G.; Zheng, X.; Li, J.; Duan, T.; Ling, K.; Tao, J.; Chen, L. Effects of Tai Chi on Cerebral Hemodynamics and Health-Related Outcomes in Older Community Adults at Risk of Ischemic Stroke: A Randomized Controlled Trial. J. Aging Phys. Act. 2019, 27, 678–687. [Google Scholar] [CrossRef]

	



Patil, S.G.; Aithala, M.R.; Naregal, G.V.; Shanmukhe, A.G.; Chopade, S.S. Effect of yoga on cardiac autonomic dysfunction and insulin resistance in non-diabetic offspring of type-2-diabetes parents: A randomized controlled study. Complement. Clin. Pract. 2019, 34, 288–293. [Google Scholar] [CrossRef]

	



Chen, S.M.; Lin, H.S.; Atherton, J.J.; MacIsaac, R.J.; Wu, C.J. Effect of a mindfulness programme for long-term care residents with type 2 diabetes: A cluster randomised controlled trial measuring outcomes of glycaemic control, relocation stress and depression. Int. J. Older People Nurs. 2020, 15, e12312. [Google Scholar] [CrossRef]

	



Tillin, T.; Tuson, C.; Sowa, B.; Chattopadhyay, K.; Sattar, N.; Welsh, P.; Roberts, I.; Ebrahim, S.; Kinra, S.; Hughes, A.; et al. Yoga and Cardiovascular Health Trial (YACHT): A UK-based randomised mechanistic study of a yoga intervention plus usual care versus usual care alone following an acute coronary event. BMJ Open 2019, 9, e030119. [Google Scholar] [CrossRef]

	



Nijjar, P.S.; Connett, J.E.; Lindquist, R.; Brown, R.; Burt, M.; Pergolski, A.; Wolfe, A.; Balaji, P.; Chandiramani, N.; Yu, X.; et al. Randomized Trial of Mindfulness-Based Stress Reduction in Cardiac Patients Eligible for Cardiac Rehabilitation. Sci. Rep. 2019, 9, 18415. [Google Scholar] [CrossRef]

	



Eckel, R.H.; Jakicic, J.M.; Ard, J.D.; de Jesus, J.M.; Houston Miller, N.; Hubbard, V.S.; Lee, I.M.; Lichtenstein, A.H.; Loria, C.M.; Millen, B.E.; et al. American College of Cardiology/American Heart Association Task Force on Practice, G., 2013 AHA/ACC guideline on lifestyle management to reduce cardiovascular risk: A report of the American College of Cardiology/American Heart Association Task Force on Practice Guidelines. Circulation 2014, 129, S76–S99. [Google Scholar]

	



Lee, C.D.; Folsom, A.R.; Blair, S.N. Physical activity and stroke risk: A meta-analysis. Stroke 2003, 34, 2475–2481. [Google Scholar] [CrossRef]

	



Meigs, J.B.; Cupples, L.A.; Wilson, P.W. Parental transmission of type 2 diabetes: The Framingham Offspring Study. Diabetes 2000, 49, 2201–2207. [Google Scholar] [CrossRef]

	



Viswanathan, M.; Mohan, V.; Snehalatha, C.; Ramachandran, A. High prevalence of type 2 (non-insulin-dependent) diabetes among the offspring of conjugal type 2 diabetic parents in India. Diabetologia 1985, 28, 907–910. [Google Scholar] [CrossRef]

	



Forsblom, C.M.; Eriksson, J.G.; Ekstrand, A.V.; Teppo, A.M.; Taskinen, M.R.; Groop, L.C. Insulin resistance and abnormal albumin excretion in non-diabetic first-degree relatives of patients with NIDDM. Diabetologia 1995, 38, 363–369. [Google Scholar] [CrossRef]

	



Migdalis, I.N.; Zachariadis, D.; Kalogeropoulou, K.; Nounopoulos, C.; Bouloukos, A.; Samartzis, M. Metabolic abnormalities in offspring of NIDDM patients with a family history of diabetes mellitus. Diabet. Med. 1996, 13, 434–440. [Google Scholar] [CrossRef]

	



Groop, L.; Forsblom, C.; Lehtovirta, M.; Tuomi, T.; Karanko, S.; Nissen, M.; Ehrnstrom, B.O.; Forsen, B.; Isomaa, B.; Snickars, B.; et al. Metabolic consequences of a family history of NIDDM (the Botnia study): Evidence for sex-specific parental effects. Diabetes 1996, 45, 1585–1593. [Google Scholar] [CrossRef]

	



Zhu, M.; Liu, X.; Liu, W.; Lu, Y.; Cheng, J.; Chen, Y. Beta cell aging and age-related diabetes. Aging 2021, 13, 7691–7706. [Google Scholar] [CrossRef]

	



Donath, M.Y.; Dinarello, C.A.; Mandrup-Poulsen, T. Targeting innate immune mediators in type 1 and type 2 diabetes. Nat. Rev. Immunol 2019, 19, 734–746. [Google Scholar] [CrossRef]

	



Black, D.S.; Slavich, G.M. Mindfulness meditation and the immune system: A systematic review of randomized controlled trials. Ann. N. Y. Acad. Sci. 2016, 1373, 13–24. [Google Scholar] [CrossRef]

	



Meyer, J.D.; Hayney, M.S.; Coe, C.L.; Ninos, C.L.; Barrett, B.P. Differential Reduction of IP-10 and C-Reactive Protein via Aerobic Exercise or Mindfulness-Based Stress-Reduction Training in a Large Randomized Controlled Trial. J. Sport Exerc. Psychol. 2019, 41, 96–106. [Google Scholar] [CrossRef]

	



Villalba, D.K.; Lindsay, E.K.; Marsland, A.L.; Greco, C.M.; Young, S.; Brown, K.W.; Smyth, J.M.; Walsh, C.P.; Gray, K.; Chin, B.; et al. Mindfulness training and systemic low-grade inflammation in stressed community adults: Evidence from two randomized controlled trials. PLoS ONE 2019, 14, e0219120. [Google Scholar] [CrossRef]

	



Meesters, A.; den Bosch-Meevissen, Y.; Weijzen, C.A.H.; Buurman, W.A.; Losen, M.; Schepers, J.; Thissen, M.; Alberts, H.; Schalkwijk, C.G.; Peters, M.L. The effect of Mindfulness-Based Stress Reduction on wound healing: A preliminary study. J. Behav. Med. 2018, 41, 385–397. [Google Scholar] [CrossRef]

	



Cohen, Z.P.; Cosgrove, K.T.; Akeman, E.; Coffey, S.; Teague, K.; Hays-Grudo, J.; Paulus, M.P.; Aupperle, R.L.; Kirlic, N. The effect of a mindfulness-based stress intervention on neurobiological and symptom measures in adolescents with early life stress: A randomized feasibility study. BMC Complement. Med. 2021, 21, 123. [Google Scholar] [CrossRef]

	



Qi, D.; Wong, N.M.L.; Shao, R.; Man, I.S.C.; Wong, C.H.Y.; Yuen, L.P.; Chan, C.C.H.; Lee, T.M.C. Qigong exercise enhances cognitive functions in the elderly via an interleukin-6-hippocampus pathway: A randomized active-controlled trial. Brain Behav. Immun. 2021, 95, 381–390. [Google Scholar] [CrossRef]

	



Puhlmann, L.M.C.; Engert, V.; Apostolakou, F.; Papassotiriou, I.; Chrousos, G.P.; Vrticka, P.; Singer, T. Only vulnerable adults show change in chronic low-grade inflammation after contemplative mental training: Evidence from a randomized clinical trial. Sci. Rep. 2019, 9, 19323. [Google Scholar] [CrossRef]

	



Vera, F.M.; Manzaneque, J.M.; Rodriguez, F.M.; Bendayan, R.; Fernandez, N.; Alonso, A. Acute Effects on the Counts of Innate and Adaptive Immune Response Cells After 1 Month of Taoist Qigong Practice. Int. J. Behav. Med. 2016, 23, 198–203. [Google Scholar] [CrossRef]

	



Turner, L.; Galante, J.; Vainre, M.; Stochl, J.; Dufour, G.; Jones, P.B. Immune dysregulation among students exposed to exam stress and its mitigation by mindfulness training: Findings from an exploratory randomised trial. Sci. Rep. 2020, 10, 5812. [Google Scholar] [CrossRef]

	



Nugent, N.R.; Brick, L.; Armey, M.F.; Tyrka, A.R.; Ridout, K.K.; Uebelacker, L.A. Benefits of Yoga on IL-6: Findings from a Randomized Controlled Trial of Yoga for Depression. Behav. Med. 2021, 47, 21–30. [Google Scholar] [CrossRef]

	



Hoge, E.A.; Bui, E.; Palitz, S.A.; Schwarz, N.R.; Owens, M.E.; Johnston, J.M.; Pollack, M.H.; Simon, N.M. The effect of mindfulness meditation training on biological acute stress responses in generalized anxiety disorder. Psychiatry Res. 2018, 262, 328–332. [Google Scholar] [CrossRef]

	



Marciniak, R.; Sumec, R.; Vyhnalek, M.; Bendickova, K.; Laznickova, P.; Forte, G.; Jelenik, A.; Rimalova, V.; Fric, J.; Hort, J.; et al. The Effect of Mindfulness-Based Stress Reduction (MBSR) on Depression, Cognition, and Immunity in Mild Cognitive Impairment: A Pilot Feasibility Study. Clin. Interv. Aging 2020, 15, 1365–1381. [Google Scholar] [CrossRef]

	



Ng, T.K.S.; Fam, J.; Feng, L.; Cheah, I.K.; Tan, C.T.; Nur, F.; Wee, S.T.; Goh, L.G.; Chow, W.L.; Ho, R.C.; et al. Mindfulness improves inflammatory biomarker levels in older adults with mild cognitive impairment: A randomized controlled trial. Transl Psychiatry 2020, 10, 21. [Google Scholar] [CrossRef]

	



Sungkarat, S.; Boripuntakul, S.; Kumfu, S.; Lord, S.R.; Chattipakorn, N. Tai Chi Improves Cognition and Plasma BDNF in Older Adults With Mild Cognitive Impairment: A Randomized Controlled Trial. Neurorehabil. Neural Repair 2018, 32, 142–149. [Google Scholar] [CrossRef]

	



Li, G.; Huang, P.; Cui, S.S.; Tan, Y.Y.; He, Y.C.; Shen, X.; Jiang, Q.Y.; Huang, P.; He, G.Y.; Li, B.Y.; et al. Mechanisms of motor symptom improvement by long-term Tai Chi training in Parkinson’s disease patients. Transl. Neurodegener. 2022, 11, 6. [Google Scholar] [CrossRef]

	



Mirmahmoodi, M.; Mangalian, P.; Ahmadi, A.; Dehghan, M. The Effect of Mindfulness-Based Stress Reduction Group Counseling on Psychological and Inflammatory Responses of the Women with Breast Cancer. Integr. Cancer 2020, 19, 1534735420946819. [Google Scholar] [CrossRef]

	



Witek Janusek, L.; Tell, D.; Mathews, H.L. Mindfulness based stress reduction provides psychological benefit and restores immune function of women newly diagnosed with breast cancer: A randomized trial with active control. Brain Behav. Immun. 2019, 80, 358–373. [Google Scholar] [CrossRef]

	



Kenne Sarenmalm, E.; Martensson, L.B.; Andersson, B.A.; Karlsson, P.; Bergh, I. Mindfulness and its efficacy for psychological and biological responses in women with breast cancer. Cancer Med. 2017, 6, 1108–1122. [Google Scholar] [CrossRef] [PubMed]

	



Lengacher, C.A.; Reich, R.R.; Paterson, C.L.; Shelton, M.; Shivers, S.; Ramesar, S.; Pleasant, M.L.; Budhrani-Shani, P.; Groer, M.; Post-White, J.; et al. A Large Randomized Trial: Effects of Mindfulness-Based Stress Reduction (MBSR) for Breast Cancer (BC) Survivors on Salivary Cortisol and IL-6. Biol. Res. Nurs. 2019, 21, 39–49. [Google Scholar] [CrossRef] [PubMed]

	



Sohl, S.J.; Tooze, J.A.; Johnson, E.N.; Ridner, S.H.; Rothman, R.L.; Lima, C.R.; Ansley, K.C.; Wheeler, A.; Nicklas, B.; Avis, N.E.; et al. A Randomized Controlled Pilot Study of Yoga Skills Training versus an Attention Control Delivered during Chemotherapy Administration. J. Pain Symptom Manag. 2022, 63, 23–32. [Google Scholar] [CrossRef] [PubMed]

	



Huberty, J.; Eckert, R.; Dueck, A.; Kosiorek, H.; Larkey, L.; Gowin, K.; Mesa, R. Online yoga in myeloproliferative neoplasm patients: Results of a randomized pilot trial to inform future research. BMC Complement. Altern. Med. 2019, 19, 121. [Google Scholar] [CrossRef] [PubMed]

	



Gautam, S.; Tolahunase, M.; Kumar, U.; Dada, R. Impact of yoga based Mind–Body Intervention on systemic inflammatory markers and co-morbid depression in active Rheumatoid arthritis patients: A randomized controlled trial. Restor. Neurol. Neurosci. 2019, 37, 41–59. [Google Scholar] [CrossRef] [PubMed]

	



Ganesan, S.; Gaur, G.S.; Negi, V.S.; Sharma, V.K.; Pal, G.K. Effect of Yoga Therapy on Disease Activity, Inflammatory Markers, and Heart Rate Variability in Patients with Rheumatoid Arthritis. J. Altern. Complement. Med. 2020, 26, 501–507. [Google Scholar] [CrossRef]

	



Buijze, G.A.; De Jong, H.M.Y.; Kox, M.; van de Sande, M.G.; Van Schaardenburg, D.; Van Vugt, R.M.; Popa, C.D.; Pickkers, P.; Baeten, D.L.P. An add-on training program involving breathing exercises, cold exposure, and meditation attenuates inflammation and disease activity in axial spondyloarthritis-A proof of concept trial. PLoS ONE 2019, 14, e0225749. [Google Scholar] [CrossRef]

	



Mao, S.; Liang, Y.; Chen, P.; Zhang, Y.; Yin, X.; Zhang, M. In-depth proteomics approach reveals novel biomarkers of cardiac remodelling after myocardial infarction: An exploratory analysis. J. Cell. Mol. Med. 2020, 24, 10042–10051. [Google Scholar] [CrossRef]

	



Andres-Rodriguez, L.; Borras, X.; Feliu-Soler, A.; Perez-Aranda, A.; Rozadilla-Sacanell, A.; Montero-Marin, J.; Maes, M.; Luciano, J.V. Immune-inflammatory pathways and clinical changes in fibromyalgia patients treated with Mindfulness-Based Stress Reduction (MBSR): A randomized, controlled clinical trial. Brain Behav. Immun. 2019, 80, 109–119. [Google Scholar] [CrossRef]

	



Dada, T.; Mittal, D.; Mohanty, K.; Faiq, M.A.; Bhat, M.A.; Yadav, R.K.; Sihota, R.; Sidhu, T.; Velpandian, T.; Kalaivani, M.; et al. Mindfulness Meditation Reduces Intraocular Pressure, Lowers Stress Biomarkers and Modulates Gene Expression in Glaucoma: A Randomized Controlled Trial. J. Glaucoma 2018, 27, 1061–1067. [Google Scholar] [CrossRef]

	



Hecht, F.M.; Moskowitz, J.T.; Moran, P.; Epel, E.S.; Bacchetti, P.; Acree, M.; Kemeny, M.E.; Mendes, W.B.; Duncan, L.G.; Weng, H.; et al. A randomized, controlled trial of mindfulness-based stress reduction in HIV infection. Brain Behav. Immun. 2018, 73, 331–339. [Google Scholar] [CrossRef] [PubMed]

	



Gabay, C.; Kushner, I. Acute-phase proteins and other systemic responses to inflammation. N. Engl. J. Med. 1999, 340, 448–454. [Google Scholar] [CrossRef] [PubMed]

	



Lyons, T.J.; Basu, A. Biomarkers in diabetes: Hemoglobin A1c, vascular and tissue markers. Transl. Res. 2012, 159, 303–312. [Google Scholar] [CrossRef] [PubMed]

	



Neves, J.; Sousa-Victor, P. Regulation of inflammation as an anti-aging intervention. FEBS J. 2020, 287, 43–52. [Google Scholar] [CrossRef] [PubMed]

	



Atanackovic, D.; Nowottne, U.; Freier, E.; Weber, C.S.; Meyer, S.; Bartels, K.; Hildebrandt, Y.; Cao, Y.; Kroger, N.; Brunner-Weinzierl, M.C.; et al. Acute psychological stress increases peripheral blood CD3+CD56+ natural killer T cells in healthy men: Possible implications for the development and treatment of allergic and autoimmune disorders. Stress 2013, 16, 421–428. [Google Scholar] [CrossRef] [PubMed]

	



Yin, D.; Tuthill, D.; Mufson, R.A.; Shi, Y. Chronic restraint stress promotes lymphocyte apoptosis by modulating CD95 expression. J. Exp. Med. 2000, 191, 1423–1428. [Google Scholar] [CrossRef] [PubMed]

	



Chu, A.L.; Hickman, M.; Steel, N.; Jones, P.B.; Davey Smith, G.; Khandaker, G.M. Inflammation and Depression: A Public Health Perspective. Brain Behav. Immun. 2021, 95, 1–3. [Google Scholar] [CrossRef]

	



Shen, X.N.; Niu, L.D.; Wang, Y.J.; Cao, X.P.; Liu, Q.; Tan, L.; Zhang, C.; Yu, J.T. Inflammatory markers in Alzheimer’s disease and mild cognitive impairment: A meta-analysis and systematic review of 170 studies. J. Neurol. Neurosurg. Psychiatry 2019, 90, 590–598. [Google Scholar] [CrossRef]

	



Qin, X.Y.; Zhang, S.P.; Cao, C.; Loh, Y.P.; Cheng, Y. Aberrations in Peripheral Inflammatory Cytokine Levels in Parkinson Disease: A Systematic Review and Meta-analysis. JAMA Neurol. 2016, 73, 1316–1324. [Google Scholar] [CrossRef]

	



Welty, F.K.; Alfaddagh, A.; Elajami, T.K. Targeting inflammation in metabolic syndrome. Transl. Res. 2016, 167, 257–280. [Google Scholar] [CrossRef]

	



Liu, J.; Wang, H.; Li, J. Inflammation and Inflammatory Cells in Myocardial Infarction and Reperfusion Injury: A Double-Edged Sword. Clin. Med. Insights Cardiol. 2016, 10, 79–84. [Google Scholar] [CrossRef] [PubMed]

	



O’Mahony, L.F.; Srivastava, A.; Mehta, P.; Ciurtin, C. Is fibromyalgia associated with a unique cytokine profile? A systematic review and meta-analysis. Rheumatology 2021, 60, 2602–2614. [Google Scholar] [CrossRef] [PubMed]

	



Vohra, R.; Tsai, J.C.; Kolko, M. The role of inflammation in the pathogenesis of glaucoma. Surv. Ophthalmol. 2013, 58, 311–320. [Google Scholar] [CrossRef] [PubMed]

	



Fukui, S.M.; Piggott, D.A.; Erlandson, K.M. Inflammation Strikes Again: Frailty and HIV. Curr. HIV/AIDS Rep. 2018, 15, 20–29. [Google Scholar] [CrossRef] [PubMed]

	



Hackett, R.A.; Steptoe, A. Type 2 diabetes mellitus and psychological stress-a modifiable risk factor. Nat. Rev. Endocrinol. 2017, 13, 547–560. [Google Scholar] [CrossRef]

	



Morey, J.N.; Boggero, I.A.; Scott, A.B.; Segerstrom, S.C. Current Directions in Stress and Human Immune Function. Curr. Opin. Psychol. 2015, 5, 13–17. [Google Scholar] [CrossRef]

	



Di Dalmazi, G.; Pagotto, U.; Pasquali, R.; Vicennati, V. Glucocorticoids and type 2 diabetes: From physiology to pathology. J. Nutr. Metab. 2012, 2012, 525093. [Google Scholar] [CrossRef]

	



Brotman, D.J.; Golden, S.H.; Wittstein, I.S. The cardiovascular toll of stress. Lancet 2007, 370, 1089–1100. [Google Scholar] [CrossRef]

	



Ulrich-Lai, Y.M.; Herman, J.P. Neural regulation of endocrine and autonomic stress responses. Nat. Rev. Neurosci. 2009, 10, 397–409. [Google Scholar] [CrossRef]

	



Clore, J.N.; Thurby-Hay, L. Glucocorticoid-induced hyperglycemia. Endocr. Pract. 2009, 15, 469–474. [Google Scholar] [CrossRef]

	



Picard, M.; Turnbull, D.M. Linking the metabolic state and mitochondrial DNA in chronic disease, health, and aging. Diabetes 2013, 62, 672–678. [Google Scholar] [CrossRef] [PubMed]

	



Donath, M.Y.; Shoelson, S.E. Type 2 diabetes as an inflammatory disease. Nat. Rev. Immunol. 2011, 11, 98–107. [Google Scholar] [CrossRef] [PubMed]

	



Hackett, R.A.; Steptoe, A.; Kumari, M. Association of diurnal patterns in salivary cortisol with type 2 diabetes in the Whitehall II study. J. Clin. Endocrinol. Metab. 2014, 99, 4625–4631. [Google Scholar] [CrossRef] [PubMed]

	



Dhabhar, F.S.; Malarkey, W.B.; Neri, E.; McEwen, B.S. Stress-induced redistribution of immune cells--from barracks to boulevards to battlefields: A tale of three hormones--Curt Richter Award winner. Psychoneuroendocrinology 2012, 37, 1345–1368. [Google Scholar] [CrossRef]

	



Rohleder, N. Acute and chronic stress induced changes in sensitivity of peripheral inflammatory pathways to the signals of multiple stress systems—2011 Curt Richter Award Winner. Psychoneuroendocrinology 2012, 37, 307–316. [Google Scholar] [CrossRef]

	



McEwen, B.S. Brain on stress: How the social environment gets under the skin. Proc. Natl. Acad. Sci. USA 2012, 109 (Suppl. 2), 17180–17185. [Google Scholar] [CrossRef]

	



Chiang, J.J.; Eisenberger, N.I.; Seeman, T.E.; Taylor, S.E. Negative and competitive social interactions are related to heightened proinflammatory cytokine activity. Proc. Natl. Acad. Sci. USA 2012, 109, 1878–1882. [Google Scholar] [CrossRef]

	



Vitlic, A.; Lord, J.M.; Phillips, A.C. Stress, ageing and their influence on functional, cellular and molecular aspects of the immune system. Age 2014, 36, 9631. [Google Scholar] [CrossRef]

	



Wong, S.Y.; Wong, C.K.; Chan, F.W.; Chan, P.K.; Ngai, K.; Mercer, S.; Woo, J. Chronic psychosocial stress: Does it modulate immunity to the influenza vaccine in Hong Kong Chinese elderly caregivers? Age 2013, 35, 1479–1493. [Google Scholar] [CrossRef]

	



Segerstrom, S.C.; Schipper, L.J.; Greenberg, R.N. Caregiving, repetitive thought, and immune response to vaccination in older adults. Brain Behav. Immun. 2008, 22, 744–752. [Google Scholar] [CrossRef]

	



Gonzalez-Valero, G.; Zurita-Ortega, F.; Ubago-Jimenez, J.L.; Puertas-Molero, P. Use of Meditation and Cognitive Behavioral Therapies for the Treatment of Stress, Depression and Anxiety in Students. A Systematic Review and Meta-Analysis. Int. J. Environ. Res. Public Health 2019, 16, 4394. [Google Scholar] [CrossRef] [PubMed]

	



Rusch, H.L.; Rosario, M.; Levison, L.M.; Olivera, A.; Livingston, W.S.; Wu, T.; Gill, J.M. The effect of mindfulness meditation on sleep quality: A systematic review and meta-analysis of randomized controlled trials. Ann. N. Y. Acad. Sci. 2019, 1445, 5–16. [Google Scholar] [CrossRef] [PubMed]

	



Weber, M.; Schnorr, T.; Morat, M.; Morat, T.; Donath, L. Effects of Mind–Body Interventions Involving Meditative Movements on Quality of Life, Depressive Symptoms, Fear of Falling and Sleep Quality in Older Adults: A Systematic Review with Meta-Analysis. Int. J. Environ. Res. Public Health 2020, 17, 6556. [Google Scholar] [CrossRef] [PubMed]

	



Wang, W.L.; Chen, K.H.; Pan, Y.C.; Yang, S.N.; Chan, Y.Y. The effect of yoga on sleep quality and insomnia in women with sleep problems: A systematic review and meta-analysis. BMC Psychiatry 2020, 20, 195. [Google Scholar] [CrossRef]

	



Morgan, N.; Irwin, M.R.; Chung, M.; Wang, C. The effects of mind-body therapies on the immune system: Meta-analysis. PLoS ONE 2014, 9, e100903. [Google Scholar]

	



Badenoch, J.B.; Rengasamy, E.R.; Watson, C.; Jansen, K.; Chakraborty, S.; Sundaram, R.D.; Hafeez, D.; Burchill, E.; Saini, A.; Thomas, L.; et al. Persistent neuropsychiatric symptoms after COVID-19: A systematic review and meta-analysis. Brain Commun. 2022, 4, fcab297. [Google Scholar] [CrossRef]

	



Aiyegbusi, O.L.; Hughes, S.E.; Turner, G.; Rivera, S.C.; McMullan, C.; Chandan, J.S.; Haroon, S.; Price, G.; Davies, E.H.; Nirantharakumar, K.; et al. Symptoms, complications and management of long COVID: A review. J. R. Soc. Med. 2021, 114, 428–442. [Google Scholar] [CrossRef]

	



Taquet, M.; Dercon, Q.; Luciano, S.; Geddes, J.R.; Husain, M.; Harrison, P.J. Incidence, co-occurrence, and evolution of long-COVID features: A 6-month retrospective cohort study of 273,618 survivors of COVID-19. PLoS Med. 2021, 18, e1003773. [Google Scholar] [CrossRef]

	



Wu, L.L.; Lin, Z.K.; Weng, H.D.; Qi, Q.F.; Lu, J.; Liu, K.X. Effectiveness of meditative movement on COPD: A systematic review and meta-analysis. Int. J. Chron. Obs. Pulmon Dis. 2018, 13, 1239–1250. [Google Scholar] [CrossRef]

	



Dong, B.; Xie, C.; Jing, X.; Lin, L.; Tian, L. Yoga has a solid effect on cancer-related fatigue in patients with breast cancer: A meta-analysis. Breast Cancer Res. Treat 2019, 177, 5–16. [Google Scholar] [CrossRef]

	



Montero-Marin, J.; Garcia-Campayo, J.; Perez-Yus, M.C.; Zabaleta-Del-Olmo, E.; Cuijpers, P. Meditation techniques v. relaxation therapies when treating anxiety: A meta-analytic review. Psychol. Med. 2019, 49, 2118–2133. [Google Scholar] [CrossRef] [PubMed]

	



Wang, X.; Li, P.; Pan, C.; Dai, L.; Wu, Y.; Deng, Y. The Effect of Mind-Body Therapies on Insomnia: A Systematic Review and Meta-Analysis. Evid. Based Complement. Altern. Med. 2019, 2019, 9359807. [Google Scholar] [CrossRef] [PubMed]

	



Chan, J.S.Y.; Deng, K.; Wu, J.; Yan, J.H. Effects of Meditation and Mind-Body Exercises on Older Adults’ Cognitive Performance: A Meta-analysis. Gerontologist 2019, 59, e782–e790. [Google Scholar] [CrossRef] [PubMed]

	



Gallegos, A.M.; Crean, H.F.; Pigeon, W.R.; Heffner, K.L. Meditation and yoga for posttraumatic stress disorder: A meta-analytic review of randomized controlled trials. Clin. Psychol. Rev. 2017, 58, 115–124. [Google Scholar] [CrossRef]

	



Pfefferbaum, B.; North, C.S. Mental Health and the COVID-19 Pandemic. N. Engl. J. Med. 2020, 383, 510–512. [Google Scholar] [CrossRef]

	



Gonzalez, J.S.; Hood, K.K.; Esbitt, S.A.; Mukherji, S.; Kane, N.S.; Jacobson, A. Psychiatric and Psychosocial Issues Among Individuals Living With Diabetes. In Diabetes in America, 3rd ed.; Cowie, C.C., Casagrande, S.S., Menke, A., Cissell, M.A., Eberhardt, M.S., Meigs, J.B., Gregg, E.W., Knowler, W.C., Barrett-Connor, E., Becker, D.J., et al., Eds.; National Library of Medicine: Bethesda, MD, USA, 2018. [Google Scholar]

	



Mukhtar, S.; Mukhtar, S. Letter to the Editor: Mental Health and Psychological Distress in People with Diabetes during COVID-19. Metabolism 2020, 108, 154248. [Google Scholar] [CrossRef]

	



Strandberg, R.B.; Graue, M.; Wentzel-Larsen, T.; Peyrot, M.; Thordarson, H.B.; Rokne, B. Longitudinal relationship between diabetes-specific emotional distress and follow-up HbA1c in adults with Type 1 diabetes mellitus. Diabet. Med. 2015, 32, 1304–1310. [Google Scholar] [CrossRef]

	



Kelly, S.J.; Ismail, M. Stress and type 2 diabetes: A review of how stress contributes to the development of type 2 diabetes. Annu. Rev. Public Health 2015, 36, 441–462. [Google Scholar] [CrossRef]

	



Osimo, E.F.; Pillinger, T.; Rodriguez, I.M.; Khandaker, G.M.; Pariante, C.M.; Howes, O.D. Inflammatory markers in depression: A meta-analysis of mean differences and variability in 5166 patients and 5083 controls. Brain Behav. Immun. 2020, 87, 901–909. [Google Scholar] [CrossRef]

	



Renna, M.E.; O’Toole, M.S.; Spaeth, P.E.; Lekander, M.; Mennin, D.S. The association between anxiety, traumatic stress, and obsessive-compulsive disorders and chronic inflammation: A systematic review and meta-analysis. Depress. Anxiety 2018, 35, 1081–1094. [Google Scholar] [CrossRef]

	



Szabo, Y.Z.; Slavish, D.C.; Graham-Engeland, J.E. The effect of acute stress on salivary markers of inflammation: A systematic review and meta-analysis. Brain Behav. Immun. 2020, 88, 887–900. [Google Scholar] [CrossRef] [PubMed]

	



Reangsing, C.; Rittiwong, T.; Schneider, J.K. Effects of mindfulness meditation interventions on depression in older adults: A meta-analysis. Aging Ment. Health 2021, 25, 1181–1190. [Google Scholar] [CrossRef] [PubMed]

	



Skjorten, I.; Ankerstjerne, O.A.W.; Trebinjac, D.; Bronstad, E.; Rasch-Halvorsen, O.; Einvik, G.; Lerum, T.V.; Stavem, K.; Edvardsen, A.; Ingul, C.B. Cardiopulmonary exercise capacity and limitations 3 months after COVID-19 hospitalisation. Eur. Respir. J. 2021, 58, 2. [Google Scholar] [CrossRef] [PubMed]

	



Oner Cengiz, H.; Ayhan, M.; Guner, R. Effect of deep breathing exercise with Triflo on dyspnoea, anxiety and quality of life in patients receiving COVID-19 treatment: A randomized controlled trial. J. Clin. Nurs. 2021. [Google Scholar] [CrossRef]

	



Ahmed, I.; Inam, A.B.; Belli, S.; Ahmad, J.; Khalil, W.; Jafar, M.M. Effectiveness of aerobic exercise training program on cardio-respiratory fitness and quality of life in patients recovered from COVID-19. Eur. J. Physiother. 2021, 1–6. [Google Scholar] [CrossRef]

	



Li, J.; Xia, W.; Zhan, C.; Liu, S.; Yin, Z.; Wang, J.; Chong, Y.; Zheng, C.; Fang, X.; Cheng, W.; et al. A telerehabilitation programme in post-discharge COVID-19 patients (TERECO): A randomised controlled trial. Thorax 2021. [Google Scholar] [CrossRef]

	



Kong, X.; Kong, F.; Zheng, K.; Tang, M.; Chen, Y.; Zhou, J.; Li, Y.; Diao, L.; Wu, S.; Jiao, P.; et al. Effect of Psychological-Behavioral Intervention on the Depression and Anxiety of COVID-19 Patients. Front. Psychiatry 2020, 11, 586355. [Google Scholar] [CrossRef]

	



Gonzalez-Gerez, J.J.; Saavedra-Hernandez, M.; Anarte-Lazo, E.; Bernal-Utrera, C.; Perez-Ale, M.; Rodriguez-Blanco, C. Short-Term Effects of a Respiratory Telerehabilitation Program in Confined COVID-19 Patients in the Acute Phase: A Pilot Study. Int. J. Environ. Res. Public Health 2021, 18, 7511. [Google Scholar] [CrossRef]

	



Liu, K.; Zhang, W.; Yang, Y.; Zhang, J.; Li, Y.; Chen, Y. Respiratory rehabilitation in elderly patients with COVID-19: A randomized controlled study. Complement. Clin. Pract. 2020, 39, 101166. [Google Scholar] [CrossRef]

	



Wei, N.; Huang, B.C.; Lu, S.J.; Hu, J.B.; Zhou, X.Y.; Hu, C.C.; Chen, J.K.; Huang, J.W.; Li, S.G.; Wang, Z.; et al. Efficacy of internet-based integrated intervention on depression and anxiety symptoms in patients with COVID-19. J. Zhejiang Univ. Sci. B 2020, 21, 400–404. [Google Scholar] [CrossRef]

	



Smith, R.B.; Mahnert, N.D.; Foote, J.; Saunders, K.T.; Mourad, J.; Huberty, J. Mindfulness Effects in Obstetric and Gynecology Patients During the Coronavirus Disease 2019 (COVID-19) Pandemic: A Randomized Controlled Trial. Obs. Gynecol. 2021, 137, 1032–1040. [Google Scholar] [CrossRef] [PubMed]

	



Thimmapuram, J.; Pargament, R.; Bell, T.; Schurk, H.; Madhusudhan, D.K. Heartfulness meditation improves loneliness and sleep in physicians and advance practice providers during COVID-19 pandemic. Hosp. Pract. 2021, 49, 194–202. [Google Scholar] [CrossRef] [PubMed]

	



Shapira, S.; Cohn-Schwartz, E.; Yeshua-Katz, D.; Aharonson-Daniel, L.; Clarfield, A.M.; Sarid, O. Teaching and Practicing Cognitive-Behavioral and Mindfulness Skills in a Web-Based Platform among Older Adults through the COVID-19 Pandemic: A Pilot Randomized Controlled Trial. Int. J. Environ. Res. Public Health 2021, 18, 10563. [Google Scholar] [CrossRef] [PubMed]

	



Solianik, R.; Mickeviciene, D.; Zlibinaite, L.; Cekanauskaite, A. Tai chi improves psychoemotional state, cognition, and motor learning in older adults during the COVID-19 pandemic. Exp. Gerontol. 2021, 150, 111363. [Google Scholar] [CrossRef] [PubMed]








[image: Table] 





Table 1. The effects of Mind–Body Intervention on blood-glucose-related biochemical measures. Randomized controlled trials over the last 5 years regarding the effects of Mind–Body Intervention on blood-glucose-related biochemical measures are summarized.
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	Refs.
	Study Type
	Country
	Participants
	Number of Participants
	Gender
	Age
	Intervention
	Control
	Duration
	Intervention Frequency
	Measurements at
	Outcomes (Blood-Glucose-Related Biochemical Measures)





	[22]
	RCT
	USA
	Patients with T2DM
	48 (24 for each group)
	63% Female
	56
	Iyengar yoga
	Standard Exercise (walking program)
	3 months
	
	
60 min/session, 2 sessions/week.





	Pre, post (3 months), follow-up (6, 9 months)
	
	
Yoga: ↓ FBG (6 vs. 9 months), ↔ HbA1c (p = 0.06, 3 vs. 6 months).



	
Walking: ↔ FBG, HbA1c.








	[23]
	RCT
	China
	Patients with T2DM
	87 (34 for qigong, 24 for tai chi, 29 for control)
	46% Female
	60
	Group1: Fitness qigong, Group2: Tai chi
	Group3: Stretching
	3 months
	
	
1 h guided session/week.



	
daily home practice





	Pre, post (3 months)
	
	
Qigong (vs. control): ↔ FPG, ↔ HbA1c.



	
Tai chi (vs. control): ↔ FPG, ↑ HbA1c.








	[24]
	RCT
	USA
	Patients with T1DM
	48 (16 for each group)
	50% Female
	16–20
	Group1: MBSR, Group2: CBSM
	Group3: Diabetic support
	9 weeks
	
	
90–120 min/session, 1 session/week





	Pre, post (3 months), Follow-up (6 months)
	HbA1c (pre vs. post): ↔ (MBSR), ↔ (CBSM), ↓ (diabetic support).



	[25]
	RCT
	China
	Adults with hypertension and two modifiable cardiovascular disease risk factors
	246 (82 for each group)
	55% Female
	64
	Group1: Tai chi, Group2: brisk walking
	Group3: Usual activity
	9 months
	
	
For initial 3 months: 30 min/day, at least 5 days/week.



	
For the next 6 months: daily home-based practice





	Pre, post (3 months), follow-up (6, 9 months)
	
	
Tai chi (vs. control, at 9 months): ↓ FBG, HbA1c.



	
Brisk walking (vs. control, at 9 months): ↓ HbA1c.



	
Tai chi (vs. brisk walking at 6, 9 months): ↓ FBG, HbA1c.








	[26]
	RCT
	India
	Adults with metabolic syndrome
	260 (130 for each group)
	68% Female
	38
	YBLI
	DI
	12 weeks
	
	
For the first 2 weeks: 2 h guided session/day, 5 days/week.



	
For the next 10 weeks: same interventions at home.





	Pre, during intervention (2 weeks), post (12 weeks)
	↓ FPG (baseline vs. 2 (12) weeks, in both groups, no group difference)



	[27]
	RCT
	China
	Adults with metabolic syndrome
	54 (27 for each group)
	48% Female
	64
	Tai chi
	Usual daily activity
	12 weeks
	
	
1 h/session, 2 sessions/week.



	
30 min home practice, 3 times/week





	Pre, post (12 weeks)
	↔ FBG, HbA1c (between group)



	[28]
	RCT
	India
	Pre-diabetic women
	37 (22 for diabetic yoga protocol, 15 for control)
	100% Female
	53
	Diabetic yoga protocol
	Waitlist
	3 months
	
	
32 min daily session





	Pre, post (3 months)
	↓ HbA1c, FPG



	[29]
	RCT
	USA
	Women with BMI ≥ 25
	86 (42 for MBSR, 44 for HE)
	100% Female
	45
	MBSR
	HE
	8 weeks
	
	
2.5 h instructor-led weekly session for 8 weeks (MBSR, HE).



	
One 6 h retreat (MBSR).



	
25–30 min daily home practices (MBSR)





	Pre, post (8 weeks), follow-up (16 weeks)
	↓ FPG (8, 16 weeks)



	[30]
	RCT
	USA
	Adolescent girls with overweight/obesity, family history of diabetes, and elevated depressive symptoms
	33 (17 for mindfulness group, 16 for cognitive–behavioral program)
	100% Female
	15
	Mindfulness-based group intervention
	Cognitive–behavioral intervention
	6 weeks
	
	
1 h session/week.



	
10 min daily homework





	Pre, post (6 weeks), follow-up (6 months)
	Mindfulness (vs. Cognitive behavioral intervention)

	
Fasting insulin: ↓ (post), ↔ (follow-up).



	
FBG: ↔ (post, follow-up).



	
Insulin resistance: ↓ (post), ↔ (follow-up).








	[31]
	RCT
	China
	Older adults with high risk of ischemic stroke
	170 (85 for each group)
	59% Female
	61
	Tai chi
	Usual physical activity
	12 weeks
	
	
60 min/session, 5 sessions/week





	Pre, post (12 weeks), follow-up (24 weeks)
	Tai Chi (vs. Usual physical activity): ↓ FBG.



	[32]
	RCT
	India
	Non-diabetic offspring of T2DM parents
	57 (28 for yoga, 29 for control)
	n.d.
	26
	Yoga
	Control
	8 weeks
	
	
1 h/session, 5 sessions/week





	Pre, post (8 weeks)
	Within group:



	
Yoga: ↓ FPG, OGTT post 2 h glucose, fasting insulin, insulin resistance.



	
Control: no changes. (between group, ANCOVA). Significant changes in FPG, OGTT post 2 h glucose, fasting insulin, insulin resistance.








	[33]
	RCT
	Taiwan
	Long-term care residents
	120 (60 for each group)
	65% Female
	79
	Mindfulness program (meditations + education + exercise)
	Usual care
	9 weeks
	
	
1.5 h session/week





	Pre, post (3 months)
	
	
Mindfulness: ↓ HbA1c.



	
Control: no changes.








	[34]
	RCT
	UK
	Patients undergoing cardiac rehabilitation following acute coronary events
	60 (25 for yoga with usual care, 35 for usual care alone)
	32% Female
	35–80
	Yoga with usual care
	Usual care
	3 months
	
	
75 min/session, 2 group sessions/week





	Pre, post (3 months)
	↔ FBG (between group)



	[35]
	RCT
	USA
	Cardiac patients
	47 (31 for MBSR, 16 for control)
	38% Female
	59
	MBSR
	Usual care
	8 weeks
	
	
2.5 h session/week.



	
One 6.5 h retreat.





	Pre, post (3 months), follow-up (9 months)
	↔ HbA1c







Values in age column represent mean or range of age. Arrows indicate the following: ↓, decrease; ↑, increase; ↔, no change. Abbreviations: RCT, randomized controlled trial; T2DM, type 2 diabetes mellitus; FBG, fasting blood glucose; HbA1c, glycated hemoglobin; FPG, fasting plasma glucose; T1DM, type 1 diabetes mellitus; MBSR, mindfulness-based stress reduction; CBSM, cognitive–behavioral stress management; YBLI, yoga-based lifestyle; DI, dietary intervention; HE, health education; n.d., no data; OGTT, oral glucose tolerance test.
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Table 2. Effects of the Mind–Body Intervention on immune function. Randomized controlled trials over the recent 5 years regarding the effects of the Mind–Body Intervention on immune function-related measures were summarized.
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	Refs.
	Study Type
	Country
	Participants
	Number of Participants
	Gender
	Age
	Intervention
	Control
	Duration
	Intervention Frequency
	Measurements at
	Outcomes (Immune Function-Related Measures)





	[46]
	RCT
	USA
	Healthy adults
	413 (126 for MBSR, 124 for aerobic exercise, 130 for control)
	76% Female
	50
	Group1: MBSR, Group2: Aerobic exercise
	Group3: Waitlist
	8 weeks
	
	
2.5 h sessions/week,



	
One half-day retreat





	Pre, post (8 weeks), Follow-up (17 weeks)
	
	
MBSR: ↓ CRP (17 weeks), ↔ IL-6, IP-10.



	
Aerobic exercise: ↓ IP-10 (8, 17 weeks).








	[47]
	RCT
	USA
	Adults with moderate to high levels of stress
	
	
Study1: 153 (58 for MA, 58 for MO, 37 for control).



	
Study2: 137 (54 for MA, 53 for MO, 30 for control).





	67% Female
	
	
Study1: 32.



	
Study2: 38.





	Group1: MA, Group2: MO
	Group3: Stress management
	
	
Study1: 2 weeks.



	
Study2: 8 weeks.





	
	
Study1: Smartphone application, 20 min audio training + 3–10 min home practice/day.



	
Study2: 2.5–3 h in-person session/week, 1 day-long retreat, 45 min of daily home practice.





	Pre, post
	
	
Study1, 2: No group differences in CRP level.








	[48]
	RCT
	Netherlands
	Healthy adults
	49 (23 for MBSR, 26 for control)
	84% Female
	22
	MBSR
	Waitlist
	8 weeks
	
	
2.5 h session/week.



	
Daily home practice (30–60 min).





	Pre, post (8 weeks)
	↔ IL-1β, IL-6, TNF-α; ↓ IL-8



	[49]
	RCT
	USA
	Adolescents
	38 (21 for MBSR-T, 17 for control)
	42% Female
	14
	MBSR-T
	Usual care
	4 weeks
	
	
10–20 min/session, 2 sessions/week.



	
On-your-own practices.





	Pre, post (4 weeks)
	↔ CRP, IL-6



	[50]
	RCT
	Hongkong
	Cognitively healthy older people
	48 (22 for qigong, 26 for stretching)
	69% Female
	64
	Qigong
	Stretching
	12 weeks
	
	
2 h/session, total 18 sessions,



	
30 min-daily home practices





	Pre, post (12 weeks)
	↓ IL-6



	[51]
	RCT
	Germany
	Ostensibly healthy adults
	332 (80 for training cohort (TC)1, 81 for TC2, 81 for TC3, 90 for control)
	58% Female
	20–55
	Contemplative mental training (Presence, affect, perspective modules)
	No training
	3 × 3 month
	
	
3-day retreat,



	
2 h group session/week,



	
30 min daily online home practice





	Pre, during intervention (3-, 6-month), post (9-month)
	↔ IL-6, hs-CRP (no group-level effect of training); ↓IL-6, hs-CRP (presence module, male, high inflammatory load)



	[52]
	RCT
	Spain
	Healthy subjects
	43 (25 for qigong, 18 for control)
	79% Female
	18–21
	Taoist qigong practice
	Control
	1 month
	
	
3 days of group practice (25–30 min × 2)/week, total 15~20 sessions,



	
Home practices.





	Pre, post (1 month)
	↑ B lymphocyte (number, %); ↓ NK cells (%)



	[53]
	RCT
	UK
	Students with exam stress
	54 (27 for each group)
	70% Female
	17–21 (44%); 22–30 (44%); 31+ (11%)
	Mindfulness course, + mental health support
	Mental health support
	8 weeks
	75–90 min session/week
	Pre, post (8 weeks)
	↔ Cortisol, CRP, IL-8, TNF-α, %CD4+ T lymphocytes, %CD8+ T lymphocytes, %CD19+ B lymphocytes, %CD14+ monocytes, %NK cells



	[54]
	RCT
	USA
	Patients with major depression
	87 (48 for yoga, 39 for health education)
	84% Female
	45
	Yoga
	Health education
	10 weeks
	80 min/session, 2 sessions/week
	Pre, during intervention (3 weeks), Post (10 weeks)
	↓ IL-6; ↔ TNF-α, CRP



	[55]
	RCT
	USA
	Patients with generalized anxiety disorder
	70 (42 for MBSR, 28 for SME)
	46% Female
	39
	MBSR
	SME
	8 weeks
	
	
One session/week.



	
A single weekend retreat.



	
Daily home practice.





	Pre, post (8 weeks)
	
	
Intervention: ↓ IL-6, TNF-α



	
Control: ↑ IL-6, TNF-α








	[56]
	RCT
	Czech
	Older adults with MCI
	20 (12 for MBSR, 8 for control)
	65% Female
	74
	MBSR
	Cognitive training
	8 weeks
	
	
2.5 h group session/week.



	
30–50 min home practices/day.



	
One 6 hr retreat





	Pre, post (8 weeks)
	↓ activation of monocytes (CD86 in CD14+ and CD14+CD16+ monocytes); ↔ proportion of monocyte subsets, phagocytic activity of the PBMCs, TNF-α, IL-6, CRP



	[57]
	RCT
	Singapore
	Older adults with MCI
	55 (28 for mindful practice, 27 for control)
	75% Female
	71
	Mindful awareness practice
	Health education program
	9 months
	
	
For first 3 months, 1 h session/week.



	
For the next 6 months, 1 session/month.





	Pre, during intervention (3-month), post (9-month)
	↓ hs-CRP (total, 9 months), IL-6 (males, 3 months), IL-1β (males, 3 months).



	[58]
	RCT
	Thailand
	Older adults with amnestic MCI
	66 (33 for tai chi, 33 for control)
	86% Female
	68
	Tai chi
	Usual care
	6 months 3 weeks
	
	
3 group sessions/week for the initial 3 weeks.



	
3 home sessions/week for the following 6 months.





	Pre, post (6 months 3 weeks)
	↔ TNF-α, IL-10



	[59]
	RCT
	China
	Early-stage PD patients
	95 (32 for tai chi, 31 for brisk walking, 32 for usual care)
	39% Female
	62
	Tai chi
	Brisk walking or usual care
	1 year
	
	
60 min/session.



	
2 sessions/week.





	Pre, during intervention (6 months), Post (12 months)
	
	
(T ai chi vs. usual care) ↓ IL-1β, IL-7, IL-9; ↔ IL-1RA, IL-2, IL-4, IL-6, IL-10, IL-12, IL-15, IL-17A, IL-8, IFN-γ, TNF-α;↑ IL-13.



	
(T ai chi vs. brisk walking) ↔ IL-1β, IL-1RA, IL-2, IL-4, IL-6, IL-7, IL-9, IL-10, IL-12, IL-15, IL-17A, IL-8, IFN-γ, TNF-α; ↑ IL-13








	[60]
	RCT
	Iran
	Breast cancer patients undergoing chemotherapy or surgery
	51 (27 for MBSR, 24 for control)
	100% Female
	45
	MBSR
	Usual care
	8 weeks
	
	
90 min session/week.





	Pre, post (8 weeks)
	No significant differences between groups in CRP levels after the intervention.



	[61]
	RCT
	USA
	Women with early-stage breast cancer after the surgery
	124 (63 for MBSR, 61 for ACC)
	100% Female
	28–75
	MBSR
	ACC
	8 weeks
	
	
MBSR: 2.5 h/week, one additional 6-hr retreat after the fifth week,



	
ACC: 2.5 h/week





	Pre, during the intervention (4 weeks), post (8 weeks), follow-up (1- and 6-month post intervention)
	↑ Restoration of NKCA, IFNγ; ↓ TNFα, IL-6



	[62]
	RCT
	Sweden
	Breast cancer survivors
	166 (62 for MBSR, 52 for active controls, 52 for non-MBSR)
	100% Female
	n.d.
	Group1: MBSR, Group2: active controls (self-instructing MBSR)
	Group3: non-MBSR (no intervention)
	8 weeks
	
	
MBSR: 2 h group guided session/week, 20 min daily home sessions for other days.



	
Active control: 20 min daily home sessions





	Pre, post (8 weeks)
	
	
MBSR (vs. No intervention): ↓ NK cell number; ↔ IL-6, IL-8



	
Active control (vs. No intervention): ↓ NK cell number, % NK cell; ↔ IL-6, IL-8



	
Pre vs. post (within MBSR): ↑ NK-cell activity, CD19+B-lymphocyte number, %CD19+B-lymphocyte; ↓ % CD3+T-lymphocyte, % CD3+8+T-lymphocyte; ↔ IL-6, IL-8








	[63]
	RCT
	USA
	Breast cancer survivors
	322 (167 for MBSR, 155 for control)
	100% Female
	57
	MBSR (BC)
	Usual care
	6 weeks
	
	
2 h guided in-person session/week.



	
15–45 min daily practice.





	Pre and post session at 1 and 6th week
	
	
Immediate short-term effects following the MBSR class: ↓ IL-6 (at 6 weeks)



	
No significant differences between groups for change over time in IL-6








	[64]
	RCT
	USA
	Patients with gastrointestinal cancer
	44 (23 for yoga skills training, 21 for attention control)
	52% Female
	58
	Yoga skills training
	Attention control (empathic attention with home diaries)
	14 weeks
	
	
30 min/session, 4 guided sessions during chemotherapy at weeks 2, 4, 6, 8.



	
Daily home practices with 16 min audio recording of the training





	Pre, during intervention (10 weeks)
	↓ IL-6, sTNF-R1; ↔ TNF-α



	[65]
	RCT
	USA
	Patients with myeloproliferative neoplasm
	48 (27 for online yoga, 21 for control)
	94% Female
	57
	Online yoga
	Normal activity
	12 weeks
	60 min/week
	Pre, post (12 weeks)
	↓ TNF-α



	[66]
	RCT
	India
	Patients with rheumatoid arthritis
	72 (36 for each group)
	78% Female
	44
	Yoga with conventional therapy
	Conventional therapy only
	8 weeks
	120 min/session, 5 sessions/week
	Pre, post (8 weeks)
	↓ ESR, CRP, IL-6, IL-17A, TNF-α; ↑ TGF-β, HLA-G



	[67]
	RCT
	India
	Patients with rheumatoid arthritis
	166 (83 for each group)
	79% Female
	42
	Yoga
	Control
	12 weeks
	30 min/session, 3 sessions/week
	Pre, post (12 weeks)
	
	
(yoga vs. control, at 12 weeks) ↓ IL-1α; ↔ IL-6, NF-α.



	
(baseline vs. 12 weeks, within yoga) ↓ IL-1α, IL-6, TNF-α








	[68]
	RCT
	Netherlands
	Patients with moderately active axial spondyloarthritis
	24 (13 for an intervention, 11 for control)
	37.5% Female
	35
	Training program (breathing exercises, gradual cold exposure, meditation)
	Usual care
	8 weeks
	
	
2 group sessions/week for the first 4 weeks.



	
1 group session/week for the second 4 weeks.



	
Daily home practice.





	Pre, during intervention (4 weeks), post (8 weeks)
	
	
Intervention: ↓ ESR, ASDAS-CRP; ↔ calprotectin, hs-CRP



	
Control: ↔ ESR, ASDAS-CRP, calprotectin, hs-CRP








	[26]
	RCT
	India
	Patients with metabolic syndrome
	260 (130 for each group)
	68% Female
	38
	Yoga-based lifestyle intervention
	Dietary intervention
	12 weeks
	
	
For first 2 weeks, 2 hr/day under direct supervision.



	
For the next 10 weeks, home intervention.





	Pre, during intervention (2 weeks), post (12 weeks)
	[baseline vs. 2 (or 12) weeks, within yoga] ↓ IL-6; ↔ TNF-α



	[69]
	RCT
	China
	Patients with myocardial infarction
	110 (56 for qigong, 54 for physical exercise)
	34% Female
	60
	Qigong-based cardiac rehabilitation program
	Aerobic exercise
	12 weeks
	45 min/session, 2 sessions/week
	Pre, post (12 weeks)
	Proteomic analysis: qigong-induced variations in the expression of 80 proteins linked to regulation of the metabolic process (38 proteins), immune process (41 proteins), and extracellular matrix reorganization (13 proteins)



	[35]
	RCT
	USA
	Patients under cardiac rehabilitation
	47 (31 for MBSR, 16 for control)
	38% Female
	59
	MBSR
	Usual care
	8 weeks
	
	
2.5 h session/week.



	
one 6.5 h retreat.





	Pre, post (3 months), follow-up (9 months)
	↔ hsCRP (3, 9 months)



	[70]
	RCT
	Spain
	Patients with fibromyalgia
	70 (35 for each group)
	100% Female
	53
	MBSR
	TAU
	8 weeks
	
	
2 h group session/week.



	
45 min home practices/day.



	
one 6 hr retreat





	Pre, post (12 months)
	
	
MBSR: ↔ IL-10.



	
TAU: ↓ IL-10








	[71]
	RCT
	India
	Patients with primary open angle glaucoma
	82 (40 for meditation, 42 for control)
	44% Female
	57
	Mindfulness meditation
	Waitlist
	21 days
	Daily
	Pre, post (21 days)
	
	
Intervention: ↓ IL-6, TNF-α.



	
Control: ↔ IL-6, TNF-α.








	[72]
	RCT
	USA
	Patients with HIV-1 infection
	177 (89 for MBSR, 88 for control)
	3% Female
	40
	MBSR
	Health education
	8 weeks
	(MBSR)

	
2.5 h session/week.



	
8 h silent retreat at the sixth week.



	
Home practice. (control)



	
1.5 h session/week.





	Pre, post (3 months), follow-up (12 months)
	No within group differences in CD4 T cell number, HIV-1 viral load, IL-6, and hsCRP at 3, 12 months.







Values in age column represent mean or range of age. Abbreviations: RCT, randomized controlled trial; MBSR, mindfulness-based stress reduction; CRP, C-reactive protein; IL, interleukin; IP-10, interferon-gamma-inducible protein-10; MA, mindfulness training with attention monitoring and acceptance skills; MO, mindfulness training with monitoring only; MBSR-T, MBSR for Teens; hs-CRP, high-sensitivity CRP; NK, natural killer; TNF-α, tumor necrosis factor-alpha; SME, stress management education; MCI, mild cognitive impairment; PBMC, peripheral blood mononuclear cell; PD, Parkinson’s disease; ACC, a series of cancer recovery and health education classes; NKCA, natural killer cell activity; IFN-γ, interferon-gamma; sTNF-R1, soluble tumor necrosis factor receptor 1; ESR, erythrocyte sedimentation rate; HLA-G, human leukocyte antigen-G; ASDAS, ankylosing spondylitis disease activity score; HIV, human immunodeficiency virus. Arrows indicate the following: ↓, decrease; ↑, increase; ↔, no change.
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