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Letter to Editor
Dear Sir,

Mitochondrial dysfunction is the underlying factor contributing 
to broad range of degenerative disorders [1]. Stress, blood sugar 
imbalance, sedentary lifestyle, nutrient deficiency, free-radical 
damage, and exposure to infections, allergens, and toxins can all 
lead to mitochondrial diseases and damage. They can be caused by 
mutation of genes encoded by either nuclear DNA or 
mitochondrial DNA (mtDNA) [2]. While some mitochondrial 
disorders only affect a single organ (e.g., eye in Leber hereditary 
optic neuropathy [LHON]), many involve multiple organ systems 
and often present with prominent neurologic and myopathic 
features. Mitochondrial diseases are highly recessive in nature and 
manifest only when the threshold of mutant to wild type 
mitochondria is crossed depending on the energy demand of a 
particular tissue and thus these diseases manifest in high energy 
demanding tissues like brain, cardiac and skeletal muscle. Many 
individuals with a mutation of mtDNA fall into the category of 
discrete clinical syndrome, such as the Kearns-Sayre Syndrome 
(KSS), Chronic Progressive External Ophthalmoplegia (CPEO), 
Mitochondrial Encephalomyopathy with Lactic Acidosis and 
Stroke-like episodes (MELAS), Myoclonic Epilepsy with Ragged-
Red Fibers (MERRF), Neurogenic weakness with Ataxia and 
Retinitis Pigmentosa (NARP), or Leigh Syndrome (LS) [3]. In an 
unpublished study from our lab, we found that there was a 
reduction in blurring  and  clouding  of  vision which are usually 
the first symptoms  affecting the central  visual field after 6 weeks 
of yoga-based lifestyle intervention (YBLI) in LHON patients. 
There was no further deterioration in vision and were able to 
complete visual tasks such as recognizing faces and objects etc. after 
regular daily practice of yoga. There was also a significant 
upregulation in transcript levels of AMPK, IGF1R, PRC-1, TFAM, 
SIRT-1, TIMP-1, and KLOTHO genes which maintain 
mitochondrial integrity and also promote mitochondrial biogenesis 
[4]. Currently, there is no cure for LHON but there are several 
ongoing studies aiming to find an effective treatment and the cost

of medicines causes severe financial stress on the family. Patients 
with LHON have comorbid depression due to progressive loss of 
vision and yoga reduces stress and severity of depression by 
promoting neuroplasticity. Yoga is a profound science which 
includes ashtangas (asana, pranayama and dhyaana) which are 
an integral part of yoga. It is a cost-effective emerging health 
discipline that, unlike drugs, has no side-effects and aids in 
improving the mitochondrial health and the associated visual 
symptoms related to the disease. Hence, yoga, a mind body 
intervention may serve as an adjunct therapy in management of 
LHON and may improve visual function if it is practiced daily. 
A study from our laboratory documented positive effects of YBLI 
in rheumatoid arthritis (RA), which is an severe autoimmune 
inflammatory disorder characterized by chronic pain and 
swelling, primarily affecting the peripheral joints [5]. High 
reactive oxygen species (ROS) and mitochondrial alterations have 
been implicated in the pathogenesis of RA [6]. Various 
environmental triggers like air pollutants, smoking, etc. and poor 
lifestyle induce oxidative stress (OS), which may compromise 
mitochondrial integrity [7]. Modulation of release of 
inflammatory cytokines, cytotoxic products, and immune-
regulatory substances affect disease activity and progression. The 
current treatment strategies with a limited scope fail to cure the 
disease as a whole. As the disease has a strong psychosomatic 
component, a mind-body intervention is needed. The 
applicability of mind-body interventions has become essential in 
today's fast-paced life. Yoga, a mind-body technique, alters the 
mind's capacity to facilitate systemic functioning at multiple 
organ system levels [8]. Adoption of YBLI by RA patients holds 
the key to enhance mitochondrial health, improve circadian 
rhythm and reduce disease activity [9,10]. Yoga also aids in 
reducing the rate of cellular aging by upregulation of telomerase 
enzyme activity and genes responsible for DNA repair and cell-
cycle control [11]. It also decreases levels of pro-inflammatory 
cytokines and upregulates the total antioxidant capacity. These 
also decrease the free radical levels and also prevent accelerated 
attrition of telomeric ends. These genes have been linked to 
pathways responsible for mitochondrial energy metabolism, 
electron transport chain, biological oxidation and insulin 
secretion. All these pathways play central roles in mitochondrial 
energy mechanics and cellular aging. Meditation also induces up-
regulation of biological oxidation genes that enhance efficiency of 
oxidation-reduction reactions and thereby reduces OS. Yoga 
improves mitochondrial integrity by altering the expression levels 
of transcripts which maintain mitochondrial integrity which aids 
in the maintenance of optimal free radical levels, improves 
energy and insulin metabolism [4,9]. From a recent study of our 
laboratory, we found an increase in mitochondrial DNA copy 
number, nicotinamide adenine dinucleotide (NAD+) levels and 
cytochrome C oxidase (COX-II) activity post-yoga intervention in 
RA patients (unpublished).Recent studies from our laboratory on 
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various complex lifestyle diseases like unexplained male factor 
infertility, idiopathic recurrent pregnancy losses, depression and 
glaucoma found that YBLI may have important roles in slowing the 
rate of cellular aging and improving cellular longevity, regulating the 
circadian rhythm, normalizing blood flow, promoting 
synaptogenesis and maintenance of neuronal health and thus 
promoting cellular health [10,12-18]. Our studies also suggested an 
increase in levels of β-endorphin, brain-derived neurotropic 
factor (BDNF), dehydroepiandrosterone (DHEA), serotonin and 
sirtuin-1 (SIRT-1) and decrease in levels of cortisol and interleukin 
(IL)-6 indicating an improvement in stress and inflammatory 
response after YBLI with regulatory changes in the brain through 
hypothalamic-pituitary-adrenal (HPA) axis in patients with RA [9]. 
A recent study from our laboratory on active RA patients has shown 
to reduce pain perception, functional disability, and disease severity, 
followed by 8-weeks of YBLI [9,10]. Yoga also increases plasma 
melatonin levels hence maintains sleep-wake cycles and also aids in 
the upregulation of SIRT1, which promotes longevity by 
deactivation of p53 mediated pathways [10,19]. Melatonin is found 
in highest concentration in the mitochondria and is a potent 
antioxidant and thus can prevent oxidative damage to the 
mitochondria, as mitochondria are source and target of free radicals. 
This study also documented a reduction in ROS, 8-hydroxy-2'-
deoxyguanosine (8-OHdG), one of the predominant forms of ROS-
induced oxidative lesions and upregulation of total antioxidant 
capacity levels and also the upregulation of various anti-
inflammatory markers and downregulation of pro-inflammatory 
markers post-yoga upregulation in levels of an immune-modulatory 
molecule, soluble human leukocyte antigen - G (sHLA-G), and a 
decrease in levels of IL-6 (extra-articular symptoms) and IL-17A and 
tumor necrosis factor (TNF)-α (articular symptoms) [10]. RA 
patients have insufficient amounts of telomerase reverse 
transcriptase enzyme and undergo accelerated immune aging [20]. 
Regulation of cellular OS within physiological limits after YBLI 
suggest the potential of this intervention in protecting cells from OS 
induced DNA damage and telomere attrition and in reversing 
epigenetic changes, which accumulate due to unhealthy lifestyle and 
adverse environmental conditions [10,11,19]. Thus, yoga may aid in 
establishing immunological tolerance and molecular remission and 
hence can be beneficial as an adjunct therapy in the management of 
this severe chronic progressive autoimmune arthritis. These studies 
from our laboratory served as the evidence base, which proved the 
beneficial & therapeutic roles of YBLI on mitochondrial and nuclear 
health, further insights may help us provide the exact underlying 
mechanism of action. Yoga not only reduces disease severity, 
optimizes OS levels, but also minimizes the usage of drugs with 
minimum side effects. Although OS could be reversed by 
supplementation of various synthetic anti-oxidants, however, their 
indiscriminate usage may cause a cell to undergo “reductive stress”. 
Hence, maintaining and achieving optimum oxidative eustress, even 
under extremes of stress associated with lifestyle and environmental 
challenges, is a highly challenging task and needs a regulated 
redressal. Hence, a simple lifestyle intervention like yoga holds the 
potential to serve as an effective treatment modality for chronic 
diseases like LHON and RA.
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