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Introduction
Major depressive disorder (MDD), a 
complex and highly relapsing‑remitting 
illness, is associated with considerable 
functional impairment. Although 
antidepressants improve the symptoms in the 
majority of patients, their use is associated 
with a number of adverse effects, and >50% 
patients either do not respond or respond 
partially to the medications.[1] This has 
necessitated the exploration of alternative 
treatment modalities that may help achieve 
better remission in patients with MDD.

Yoga therapy (YT) has reportedly shown 
overwhelming clinical benefits as an 
adjunct treatment for depression.[2,3] Further 
support for the beneficial effects of YT 
on MDD was provided by empirical 
studies on the levels of neurotransmitters 
like gamma aminobutyric acid as well 
as neurotrophins like brain‑derived 
neurotrophic factor.[4,5] One of the widely 
recognized etiopathological pathways of 
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Abstract
Background: Yoga therapy (YT) as an adjunct treatment has reportedly been demonstrated to 
offer clinical benefits in major depressive disorder (MDD). Although a few biological pathways are 
suggested to mediate the effects of yoga, the precise mechanistic basis remains unknown. Oxidative 
stress pathway activation has consistently been linked to the pathobiology of MDD. Whether YT 
has a modulatory effect on the oxidative stress pathway in MDD is not adequately understood. Aim 
and Objectives: In this study, we examined the impact of a course (3 months) of yoga as an add 
on therapy on the markers of the oxidative stress pathway in MDD patients. Methods: Thirty‑three 
MDD patients were randomized to the YT (n = 16) and waitlist control (WC) (n = 17) groups. 
Colorimetric estimation of the plasma malondialdehyde (MDA) and total antioxidant (AO) levels 
was performed in all the study participants using commercially available kits at the baseline and after 
3 months. Results: A significant reduction of plasma MDA levels was observed in MDD patients of 
YT group (P = 0.05) after 3 months of YT. Notably, the plasma MDA levels also decreased in MDD 
patients of WC group (P = 0.015) after the trial period. In addition, levels of total AO showed a 
trend toward significance only in MDD patients after 3 months of YT (P = 0.07). Conclusion: The 
current study suggests that the benefits of YT might be mediated through its modulatory role on the 
oxidative stress pathway in MDD.
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MDD is oxidative dysregulation. Multiple 
studies, including meta‑analyses, suggested 
increased oxidative stress and decreased 
antioxidant (AO) defenses in MDD.[6,7] It is 
not adequately known whether the clinical 
benefits of YT in MDD is mediated through 
the downregulation of the oxidative stress 
pathway. In a recent study, yoga and 
meditation‑based lifestyle intervention were 
shown to reduce the severity of depression 
and this was accompanied by decreased 
levels of reactive oxygen species (ROS) 
and 8‑hydroxy‑2‑deoxyguanosine, as well 
as increased total AO levels in patients 
with MDD.[8] However, the impact of 
YT on lipid peroxidation, a potential 
indicator of ROS‑induced damage to cell 
membranes, has not been examined so far 
in MDD. Malondialdehyde (MDA) is an 
end product of polyunsaturated fatty acid 
peroxidation and is commonly used to assess 
oxidative stress. Thiobarbituric acid reactive 
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substance (TBARS) method is used to measure the levels 
of MDA. Herein, in this study, we examined the impact of 
3‑months YT on the levels of MDA and total AO in MDD 
patients using a validated MDD‑specific yoga module to 
understand the modulatory role of yoga on the oxidative 
stress pathway in MDD.

Study Participants and Methods
This randomized controlled trial was conducted to examine the 
impact of 3‑month therapy, adjunct to antidepressant treatment 
on the plasma profile of MDA and total AO in MDD patients at 
NIMHANS, Bengaluru, India. Screening of all the participants 
was carried out using Mini International Neuropsychiatric 
Interview. Thirty‑six MDD patients (male [n = 16]; 
female [n = 20] and mean age: 32.5 ± 8.5 years) with a 
Hamilton Depression Rating Scale (HAMD) score ≥18 were 
recruited and randomized to YT and waitlist control (WC) 
groups. However, only those patients who completed the 
12‑weeks trial period and with analyzable plasma samples 
were considered for the analysis. The final analysis was carried 
out on the data obtained from 16 MDD patients of YT group 
and 17 MDD patients of WC group. This study was initiated 
after obtaining the institute ethics committee’s approval (No: 
NIMHANS/IEC [BS and NS DIV.]) 5th Meeting/2017, 
dated‑March 22, 2017] as well as written informed consent 
from all the participants. The study was registered in the 
Clinical Trials Registry India (No.CTRI/2017/07/009070). 
The HAMD, Clinical Global Impression (CGI), and 
Montgomery‑Asberg Depression Rating Scale (MADRS) were 
used for clinical assessments at baseline as well as at the end 
of the 1st, 2nd, and 3rd months by trained clinicians.

Intervention

Patients with MDD in the YT group underwent YT for 
12 weeks using a generic yoga module, validated for 
depression and the duration of each yoga session was 
52 min [Table 1].[9] The patients were taught yoga steps 
by a trained yoga teacher for twelve sessions in the 
1st 4 weeks in the NIMHANS Integrated Centre for 
Yoga (NICY), NIMHANS, Bengaluru, followed by 
home‑based yoga practice for at least 4 days a week 
for the remaining 2 months. Two booster sessions were 
given in the 2nd and 3rd months at the NICY. Overall, 
the patients performed 48–72 sessions of yoga (4–6 per 
week for 12‑weeks), of which 16 sessions were completed 
under the direct supervision of the yoga instructor. The 
patients in the WC group received antidepressants as per 
the guidelines followed for routine clinical treatment of 
MDD and no changes in medications were made during 
the entire study period. The recruited patients were 
stabilized on antidepressants for a minimum duration 
of 2 weeks. All the patients were on selective serotonin 
reuptake inhibitors, in the standard therapeutic doses, and 
were on the same dose throughout the study period. The 
patients were on either T. Escitalopram (15–20 mg) or T. 
Fluoxetine (20–40 mg) or T. Sertraline (50–150 mg). A 
psychiatrist regularly monitored the clinical improvement 
in these patients. If any of the patients needed treatment 
changes, the required changes were made and they were 
dropped out from the study. Study participants in the 
WC group were offered the same yoga module after the 
trial period of 12 weeks. The study design is depicted in 
Figure 1.

Table 1: Yoga module for depression
Steps Practices Description Duration (min)
1 Preparatory practices

Sukshma and sthula vyayama
Suryanamaskara (3 rounds)

Loosening exercises 15

2 Shavasana 2
3 Asanas and mudra

Standing posture Ardha chakrasana 2
Sitting postures Ushtrasana

Paschimottanasana
4

Prone posture Bhujangasana 2
Shavasana 2
Supine postures Pavanamukthasana

Viparithakarani mudra
Sethubandasana

6

4 Shavasana (QRT) 4
5 Kriya Kapalabhati 2
6 Pranayama Suryanulomaviloma

Ujjayi
Bhastrika

10

7 Pranava Japa AUM chanting 3
QRT: Quick relaxation technique
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Blood sample collection

Peripheral blood (approximately 10 mL) was collected by 
venepuncture into ethylenediaminetetraacetic acid‑coated 
vacutainers from all the participants at two time points, i.e., at 
baseline and after the trial period. The clinical assessments 
were done at four time points, i.e., at the baseline and at the 
end of 1st, 2nd, and 3rd months. Plasma samples were collected 
by centrifugation of the blood samples at 4°C for 10 min at 
4000 RPM in a refrigerated centrifuge (Make: Eppendorf, 
Model No.:5430R). The separated plasma samples were 
aliquoted and stored in −80°C deep freezer.

Measurement of levels of malondialdehyde and total 
antioxidant in plasma samples

The levels of the marke of oxidative stress were measured 
by determining MDA, which is one of the end products 
of lipid peroxidation. The MDA level was quantified 
colorimetrically in the plasma samples using a commercially 
available TBARS Assay Kit (Cat No. 100009055, Cayman 
Chemicals, USA) following the manufacturer’s guidelines in 
all the study participants at baseline and after 3 months. The 
dynamic range of the kit was 0–50 µM. In 7 mL glass tubes, 
plasma sample (100 µL) and serially diluted MDA standards 
were taken separately, followed by the addition of 100 uL 
of sodium dodecyl sulfate solution and these were mixed by 
swirling. 4 mL of the color reagent, prepared by adding TBA 

to a mixture of sodium hydroxide and acetic acid, was added. 
The glass tubes were kept in a boiling water bath at 100° C 
for 1 h. The glass tubes were then placed in ice for 10 min to 
stop the reaction, followed by centrifugation at 1600 × g for 
10 min at 4°C. 150 µL of reaction mixture from each glass 
tube was loaded into a clear 96‑well plate and the absorbance 
was measured at 530–540 nM in a plate reader (Multiskan 
Go, Thermo Scientific, USA). The standard curve was plotted 
using the absorbance measured for the standards and the 
MDA levels in the plasma samples were calculated using the 
linear regression equation obtained from the standard curve. 
The assays were performed in duplicate.

The total AO in the plasma samples of all the study participants 
were assayed colorimetrically using a commercially available 
AO Assay Kit (Cat No. 709001, Cayman Chemicals, USA) 
following the manufacturer’s guidelines at baseline and after 
3 months. The dynamic range of the kit was 0.068–0.495 
mM. Plasma samples were diluted 1:20 using the assay 
buffer provided in the kit. Trolox standards were prepared 
by serial dilution. Into each well of a 96‑well plate, 10 µL 
of the standards and diluted plasma sample were added. 
In addition, 10 µL of metmyoglobin along with 150 µL of 
chromogen was added to each well of the plate. The reaction 
was initiated by quickly adding 40 µL of hydrogen peroxide. 
The plate was then incubated for 5 min on a shaker at room 
temperature and the absorbance was measured at 750 nM in 
a plate reader (Multiskan Go, Thermo Scientific, USA). The 
standard curve plotted using the Trolox standards was used 
to generate the equation for the slope (linear regression). 
The AO concentration of the samples was calculated by 
substituting the absorbance value in the slope equation. All 
samples were analyzed in duplicate.

Statistical analysis

All the statistical analyses were carried out by using 
Statistical Package for the Social Sciences (version‑16) IBM 
SPSS Statistics for Windows, Version 16.0. Armonk, NY: 
IBM Corp. The levels of MDA and AO followed normal 
distribution. Therefore, parametric paired sample t‑test was 
applied. The significance was set at P < 0.05 (two‑tailed).

Results
There were no differences in the age and gender between 
MDD patients of YT and WC groups (P > 0.9). The patients 
of both the groups also did not differ significantly on the 
clinical parameters such as age at onset, illness duration, 
number of past episodes, CGI, MADRS score, and HAMD 
score (all P > 0.06) at baseline. Lower mean HAMD scores 
were seen in MDD patients of the YT group in comparison 
to the patients of the WC group at the end of the trial 
period (mean ± standard deviation [SD], YT = 4.13 ± 2.63; 
WC = 6.94 ± 4.94; P = 0.05). More number of MDD patients 
of the YT group achieved complete remission (HAMD <7) 
compared to WC (YT = 81% and WC = 53%) at the end 
of the trial. Similarly, the MADRS scores when compared 

Figure 1: Study outline. MDD: Major depressive disorder, HAMD: Hamilton 
Depression Rating Scale, YT: Yoga therapy, WC: Waitlist control
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between the groups, the patients in YT group scored 
lower than the WC (Mean ± SD, YT = 4.69 ± 3.02; 
WC = 9.00 ± 7.22; P = 0.03). The patients in the YT group 
also had lower CGI scores than patients in WC (mean ± SD, 
YT = 1.56 ± 0.62; WC = 2.29 ± 1.35; P = 0.06). The 
lower scores in HAMD, CGI, and MADRS scales indicate 
improvement of the symptoms of depression. Notably, 
MDD patients in the YT group showed significantly better 
improvement, indexed by HAMD and MADRS scores.

Significant differences were observed for the markers of 
oxidative stress pathway in MDD patients of both the YT 
and WC groups between baseline and at the end of the trial 
period. Significant reduction in the plasma levels of MDA 
was observed in MDD patients of both the YT (P = 0.05) 
and WC (P = 0.015) groups after the trial period [Table 2]. 
The plasma total AO levels showed a trend toward 
significance in MDD patients of YT group after 3 months 
of YT (P = 0.07). The levels of MDA and total AO did 
not correlate with the clinical rating scales and phenotypes. 
Paired t‑test was performed to assess the differences in 
plasma levels of MDA and total AO between MDD patients 
of YT and WC groups at baseline as well as after the trial 
period. The levels of MDA and total AO did not differ 
between YT and WC groups at baseline; however, MDA 
levels were significantly higher in the WC group compared 
to the YT group after the trial period [Table 3].

Discussion
YT is increasingly being considered a valuable 
nonpharmacological treatment modality for MDD.[10,11] In 

the current study, 12‑week add‑on YT was found beneficial 
in improving symptoms of MDD, especially by lowering 
the HAMD scores and increasing remission rates. In 
addition, 12‑week add‑on YT was found to significantly 
reduce the levels of MDA and also increase the total AO 
levels in MDD patients. These findings appear important 
given the fact that the oxidative stress pathway contributes 
to the risk and progression of MDD by altering multiple 
pathways/systems including microvascular dysfunction 
and neuroprogression.[12,13] Notably, increased lipid 
peroxidation, measured by TBARS, was reported in 
treatment‑resistant depression and was suggested as a trait 
marker of depression.[14] Thus, YT offering clinical benefits 
by modulating a trait marker of MDD adds more dimension 
to the biological mode of action and the usefulness of yoga.

The oxidative stress pathway has reciprocal functional 
interactions with other pathways such as the 
immune‑inflammatory pathway.[15] Converging evidence 
indicates a predominant role of the immune‑inflammatory 
pathway in MDD.[16] In our recent study, YT resulted in 
the reduction of the levels of complement proteins such as 
complement component 1q (C1q), Factor H, and properdin 
in the plasma of MDD patients, implying its modulatory 
effects also on inflammatory pathway.[17] It is noteworthy 
that a combined immune‑inflammatory and oxidative as 
well as nitrosative stress (IO and NS) pathway has emerged 
as a predominant underlying mechanism and target for 
the treatment of MDD.[14,18,19] Therefore, an intervention 
targeting the IO and NS pathway will offer greater clinical 
benefits in MDD. The present study suggests a role of 

Table 2: Plasma levels of malondialdehyde and total antioxidant in the major depressive disorder patients of yoga 
therapy and waitlist control groups at baseline and after the trial period

Oxidative stress 
markers

MDD patients in YT, mean±SD t# P
At baseline (n=16) Post yoga (n=16)

MDA 9.2±4.7 6.5±0.99 2.101 0.05
Total antioxidant content 7.29±3.5 7.84±2.9 −1.926 0.07
Oxidative stress 
markers

MDD patients in the WC group, mean±SD t# P
At baseline (n=17) After the trial period (n=17)

MDA 9.3±3.0 7.5±2.0 2.785 0.015
Total antioxidant content 8.32±3.26 7.9±3.26 0.720 0.48
#Paired sample t‑test. The significance was set at P<0.05 (two‑tailed). SD: Standard deviation, MDA: Malondialdehyde, MDD: Major 
depressive disorder, WC: Waitlist control, YT: Yoga therapy

Table 3: Intergroup comparison of plasma levels of malondialdehyde and total antioxidant in major depressive 
disorder patients at baseline and after the trial period

Oxidative stress markers Baseline analysis, mean±SD t# P
Yoga group (n=16) Waitlist group (n=17)

MDA 9.2±4.7 9.3±3.0 −0.77 0.24
Total antioxidant content 7.29±3.5 8.32±3.26 −0.87 0.38
Oxidative stress markers Analysis after 12 weeks of trial period, mean±SD t# P

Yoga group (n=16) Waitlist group (n=17)
MDA 6.5±0.99 7.5±2.0 −0.173 0.03
Total antioxidant content 7.84±2.9 7.9±3.26 −0.101 0.26
#Independent sample t‑test, The significance was set at P<0.05 (two‑tailed). SD: Standard deviation, MDA: Malondialdehyde
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YT on oxidant‑AO balance, while the previous study[17] 
indicated an immunomodulatory effect of YT in MDD. 
Based on the findings of both the studies, YT seems to 
have the potential to emerge as an important intervention 
having modulatory effects on IO and NS pathway in MDD.

Conclusion
Proven clinical benefits of YT in MDD are evident 
in multiple clinical studies. However, there exists a 
considerable lack of understanding whether yoga offers 
clinical benefits by modulating the activities of a pathway 
that has pathobiological relevance in MDD. The modulatory 
effect of YT on oxidative stress pathway observed in this 
study provides empirical evidence toward biological mode 
of action of YT in MDD. Additional studies, comprising a 
large cohort of MDD patients as well as other markers of 
oxidative and nitrosative stress pathway, will be useful in 
validating the importance of these preliminary findings.
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