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Introduction

Diabetes mellitus is a progressive disease affecting large 
numbers of the people globally. According to the International 
Diabetes Federation (IDF) Atlas 9th edition, globally 463 million 
adults are affected with diabetes, and is estimated to rise to 700  

 
million by 2045 without intervention [1]. Managing diabetes can be 
challenging and requires a multifaceted approach involving lifestyle  
changes and pharmacological intervention. People with diabetes 
do not infrequently use complementary and alternative medicine 
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Abstract 
Background: Yoga is being evaluated for its potential beneficial effect on people with type 2 diabetes(T2DM) as an adjuvant therapy by 

researchers around the globe. Few systematic reviews and meta-analyses previously performed have indicated mixed effect of yoga. In this review 
we aimed to evaluate further whether yoga has an impact on metabolic parameters in people with T2DM.

Methods: Systematic review and meta-analysis of randomized controlled trials (RCTs) comparing the practice of any type of yoga, asanas or 
pranayamas vs. standard care in adults with T2DM. The primary outcome was change in fasting plasma glucose and glycated haemoglobin (HbA1c). 
The secondary outcome was serum lipid profile and oxidative stress. The electronic databases such as, Cochrane CENTRAL, Scopus, Medline, Embase 
and CINAHL were searched from the year 1990 to August 2015 to find out the studies done on yoga as per the eligibility criteria. Meta-analysis was 
conducted using the inverse variance method of analysis with random-effect models with checks of heterogeneity using the I2 test.

Results: From a total of 788 articles screened, nine RCTs were included involving 788 participants. In five trials yoga group had a significant 
reduction in HbA1c ( mean difference(MD) -0.51% , 95%CI -0.57 to -0.44, P =0.006, fasting plasma glucose (mean difference(MD) as -25.2 ,95 % 
CI -25.31 to -25.2mg/dl, P <0.00001, and serum LDL (mean difference(MD) -26.8mg/dl , 95% CI -42.1 to -11.5 mg/dl, p =0.0006), HDL (mean 
difference(MD) 6.8 mg/dl (95% CI 4.8 to 8.7, p <0.00001), total cholesterol (mean difference(MD) -33.3 mg/dl (95% CI -35.8 to -30.8, p <0.00001), 
triglycerides (mean difference(MD) 39.4 mg/dl( 95% CI -50.0 to -28.8, p <0.00001), cortisol (mean difference(MD) -5.5 µg /l ( 95% CI -7.1 to -4.0, p 
<0.00001), malondialdehyde (mean difference(MD) 16.6 nanomol/dl (95%CI -22.0 to -11.2, p<0.00001).

Conclusion: The results from the available trials indicate that yoga may be a potentially beneficial intervention for improving glycemic control, 
lipid profile and indicators of oxidative stress in people with T2DM. Further studies are required to corroborate yoga’s effect on other outcomes such 
as psychosocial profiles.
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(CAM) with estimates ranging from 17% and 73% and involved  
lifestyle modification, yoga, qi gong, massage and herbs [2]. Yoga is 
the most common alternative holistic approach adopted by adults 
in many countries. According to national survey in the US, yoga use 
increased from 9.5% to 14.3% between 2012 and 2017 [3]. Yoga 
originated from India has been a traditional contemplative practice 
since time immemorial for the therapeutic intervention and health 
maintenance [4]. Yoga may be beneficial in almost all the ailments. 
[5-11]. It may have positive impact on endocrine system, nervous 
system, circulatory system, metabolism, psychology and cognition 
[12]. Yoga has also been shown to influence hormone regulation 
and studies suggest that regular practice of yoga can reduce cortisol 
and sympathetic activation while increasing serotonin, gaba 
aminobutyric acid (GABA) and oxytocin levels. [5,7,13,14]. This may 
in turn reduce anxiety, depression, perceived stress and improving 
sleep quality and male sexual functioning [15]. Yoga may have 
beneficial effect in people with T2DM, in terms of modifiable risk 
factors and metabolic syndrome [16-24]. The systematic review by 
Innes et al. [25] measured the influence of yoga-based programs on 
risk profiles in adults with type 2 diabetes. The review indicated that 
yoga may help in reducing the risk in adults with T2DM. The author 
also indicated that there are limited reviews to show the promising 
effect of yoga on psychological profiles in adults with diabetes. The 
systematic analysis by AlJasir et al. [26] showed that short-term 
benefit can be achieved by T2DM patient with the practice of yoga 
were however inconclusive and non-significant for the long-term 
outcomes of yoga practice. A systematic review and meta-analysis 
by Harpreet et al. [27] indicated that yoga participants successfully 
improved their glycated haemoglobin (HbA1c) as compared with 
the control people. Yoga also had significant improvements in lipid 
profiles, blood pressure, body mass index (BMI), waist/hip ratio and 
cortisol levels. A systematic review by Divya et al. [28] on effects of 
yoga on physical health and health related quality of life concluded 
that there were significant improvements in physical health and 
quality of life. In another systematic review and meta-analysis by 
Ramamoorthi et al. [29] reported significant improvements of yoga 
on glycaemic control, serum lipid profiles and other parameters 
in prediabetic populations. The present systematic review and 
meta-analysis will focus on patients with T2DM conducted through 
randomized controlled trials (RCTs) with yoga intervention such 
as Sudarshan kriya yoga, asanas, pranayamas and hatha yoga with 
duration at least four weeks. This review will give more focus to 
specific type of yoga intervention and its effect on glycaemic control, 
serum lipids and stress biomarkers. To our knowledge, this will be 
the first meta-analysis on oxidative stress markers.

Methods

Study selection criteria and PICOS 

Cochrane review guidance was followed in conducting the 
systematic review [30].

Population for this systematic review was defined as: 
Adult patients aged 18 years or greater having T2DM for more 
than one year confirmed by a physician based on the guidelines for 
diagnosis of T2DM. Exclusion criteria included ;studies on infants 
and children, gestational diabetes, pregnant women, non-diabetic 
patients, type 1 diabetic patients, complication of diabetes and 
studies with herbal drug intervention.

The intervention included: any type of yoga (hatha, bikram, 
iyengar, sudarshan kriya yoga, pranayama, astanga, asanas), and 
minimum four week of duration of yoga. Comparison was control 
groups receiving standard treatment of care.

Outcomes: The primary outcomes were changes in fasting 
plasma glucose (FPG) and HbA1c. Secondary outcomes included 
changes in serum high density lipoprotein (HDl), low density 
lipoprotein (LDL) and total cholesterol, BMI, stress biomarkers and 
quality of life.

Study design: Only randomized clinical trial was selected for 
inclusion.

Database search strategy 

The search strategy was implemented in ; Pubmed, Embase, 
Scopus, Cochrane, Medline, CINAHL Plus were searched using the 
key words “Yoga OR asana* OR Bikram OR Iyengar OR pranayama 
OR hatha OR ashtanga OR Sudarshan Kriya Yoga AND diabetes OR 
diabet* OR non-insulin dependent OR diabetes mellitus OR T2 
DM OR Type II diabetes mellitus”. Apart from the database, the 
bibliography of the articles selected were also searched. Limits 
applied were for age greater than 18, articles published from 1990 
to 2015, English language. Moreover, an internet searching was 
done through Google Scholar and also clinical trial.gov website 
for randomized controlled trials. Literature on systematic reviews 
and metaanalysis of yoga and diabetes published until 2019 were 
included.

The results obtained from searching each electronic database 
using the above-mentioned key words were saved in the computer 
and online End Note in order to keep a track of all searches which 
included number of hits, database name, time period searched, 
limitations applied. The results of search from each database also 
exported to Excel to sort out duplication and based on the eligibility 
criteria of systematic review.

Data extraction and screening 

All the six databases were searched with key words mentioned 
and then screened for duplicates. The title and the abstract were 
screened for relevance. Full text articles were then scanned 
according to the eligibility criteria. The details of the number of 
articles excluded with reason are depicted in the flow chart (Figure 
1). The results obtained from the database were extracted using the 
extraction form (Appendix I). 
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Figure 1: Prisma Chart.

Quality assessment

A short scale of seven criteria customized to yoga studies were 
used to assess the quality of the included studies established by the 
Cochrane collaboration [30].

Following questions were included in the quality checklist: 

•	 Whether participants were randomized to groups 
randomly or through software or independantly.

•	 Were the baseline characteristics of the study groups 
properly assessed or there was any correction done to balance.

•	 Whether the study has calculated sample size through 
power analysis.

•	 Whether the study has considered loss of follow up, 

attrition. 

•	 Whether the study had properly handled the missing data 
by using intention-to-treat analysis, 

•	 Study integrity; was the study followed as planned.

•	 Whether the study was conducted with certified 
progessional yoga instructor or not. Each criterion was rated as 
0(study does not meet criteria) or 1 (study met criteria).

When a criterion meets six or seven points then the study is 
assessed as high quality and when four or five criteria were mint 
then assessed as low and very low when zero or one criteria were 
met. Data collected were assessed for the quality of studies based 
on the quality criteria. If a trial meets first three criteria, then it is 
categorized as low risk of bias. (Table 1).

Table 1: Characteristics of the final included studies.

Study Author Study 
Design Inclusion Criteria

Sam-
ple 
Size

Mean 
Age in 
Years

Type of 
Yoga

Duration 
of Study

Yoga Practice 
Session time Outcomes Measured

Viveka; 2012 RCT HbA1c between 6.0 
& 9.0 % 49

Yoga: 50. 
Non-SKY: 

45

Sudarshan 
Kriya Yoga 3 months 60 min FBG, PPG, HbA1c, QOL

McDermott 
;2014

Ran-
domised 

controlled 
parallel 
group

FBG.5.6 mmol/L 
and or OGTT 

between 7.8-11 
mmol/L

41
Yoga: 47, 

Con-
trol:47

Asanas and 
breathing 

and educa-
tion

8 weeks Daily 75 min

FBG, PPBG, weight, waist 
circumference, BMI, insulin, 

insulin resistance, BP, 
TChol, LDL, TG psychologi-

cal measures

Hegd; 2011

CT,123 
strati-

fied into 
groups

T2DM with micro & 
macrovascular com-
plications, peripher-

al neuropathy

123
Yoga: 59, 
Control: 

57
asanas 3 months

Compliance 
yoga 3 days in a 
week. Time not 

mentioned.

Waist circumference, waist-
to-hip ratio, FPG, PPPG, BP, 
HbA1c, malondialdehyde, 
glutathione, vitamin C & E, 

superoxide dismutase
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Beena; 2013

143 geri-
atric di-

vided into 
groups

T2DM with poor 
glycemic control 

HbA1c>8.0
143

Yoga: 64, 
Con-

trol:62

Asanas, pra-
nayamas 3 months Daily 90 min

FBG, PPPG, HbA1c, lipids, 
cortisol, ferritin, MDA, 

catalase activity

Yang; 2009 RCT Family history of 
T2DM, IFG 23 51 Vinyasa 3 months

60 min daily, 
group sessions 
twice per week

Weight, BP, insulin, TG, LDL, 
HDL, exercise self-efficacy

Skoro-Kondza; 
2009

Explorato-
ry RCT

T2DM not taking 
insulin 59 60 Light asanas, 

pranayamas 12 weeks 90 min yoga 
twice weekly

HbA1c, weight, waist 
circumference, lipid levels, 
BP, Diabetes related QoL, 

self-efficacy

Shantakumari; 
2013

Ran-
domised 
parallel

T2DM on sulphony-
lureas 100

Yoga: 45. 
control: 

44

Asanas and 
breathing & 
meditation

3 months 60 min
FBS, PPBS, Weight, BMI, 

waist -to-hip ratio, TG, LDL, 
HDL, total chol

Nagarathna; 
2012

Ran-
domised 

controlled 
trial

T2DM, FBG>120 
mg% at the diagno-
sis, on oral agents 
and no complica-

tions

277
Yoga: 53, 
Control: 

51

Asanas and 
pranyamas, 

locks, cleans-
ing and 

meditation

9 months
Daily 60 min, 5 
days a week for 

12 weeks

HbA1c, FBG, PPBG, LDL, 
HDL, TG,Total cholesterol, 

medication score

Gordon; 2008
Ran-

domised 
controlled 

T2DM without 
malnutrition and 

complications
231

Hatha 
yoga: 65, 
PT: 64, 

Control: 
62

Hatha yoga 24 weeks

1 yoga class 
duration of 120 
min weekly for 
24 weeks with 
home practice

FBG, PPBG, LDL, HDL, TG, 
VLDL, cholesterol, MDA, 

PLA2, POX,

Data Analysis

Meta-analysis of the eligible studies was conducted using 
statistical RevMan software measuring the mean differences using 
the generic inverse variance method of analysis. Meta-analysis was 
performed for HbA1c reported as a percentage and FPG reported 
as mg/dl. When the units for reported values of FPG in the articles 
differed, the units were Mmol/L they were converted into mg/
dl by multiplying the mmol/L value by 18. The generic inverse- 
variance method of analysis was used to pool all mean differences 
for continuous data and for combining intervention effect estimates 
reporting results from fixed-effect and random-effects models. 
Statistical heterogeneity was assessed using the I-squared statistic. 
Mean difference was calculated for the yoga group and the control 
group. Standard deviation was also extracted from the reviewed 
articles. Standard errors were converted to standard deviation 

were appropriate.

Results

Characteristics of the studies 

1201 titles and abstract were identified and, nine trials met the 
eligibility criteria that included 788 participants. Characteristics 
of included trials depicted in Table 2. Four trials (44.4%) reported 
HbA1C as primary outcome. Seven trials reported FPG an outcome 
but only one trial (11.1%) reported serum cholesterol, LDL, HDL 
triglycerides as an outcome. Two trials (22.2%) reported quality of 
life as an outcome. Most trials (55.6%) practiced three months of 
yoga as an intervention whilst this ranged from eight weeks to nine 
months in the remaining trials. The duration of each yoga class also 
varied between the trials from one and two hours.

Table 2: Risk bias of Included Studies.

Author  (selection 
bias)

Allocation 
Concealment 

(Selection 
Bias)

Blinding of 
Participants 
& Personnel 

(Performance 
Bias)

Blinding of Out-
come Assessment 
(Detection Bias) 
Patient Reported 

Outcome Bias

Blinding of 
Outcome 

Assessment

Attrition 
Bias

Attrition Bias 
(Long Term)

Reporting 
Bias

Viveka P Low Medium High High High Low Low Low

Mc Der-
mott Low Low High Low Medium Low Low Low

Shantaku-
mari High High High High Medium Medium Medium Low

Beena High High High High Medium Medium Medium Low

Hegde High High High High Medium Low Low Low

Kyeogra 
yang Medium High High High Low Low Low Low

Lorenzo 
Gordan Medium Medium High Low Low Low Low Low
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Nagarathna Low Low Low Low Low Low Low Low

 Skora 
Kondza Low Low Low Low Medium Medium Medium Low

Eight trials (88.9%) compared yoga to standard care while one 
trial used an educational intervention as a control group. The yoga 
type consisted asanas, pranayamas and meditation. One trial each 
used Sudarshan Kriya yoga, hatha yoga and vinayasa style yoga. The 

mean age of the participants was 55.0 years in yoga group and 53 
years in the control group, 45.7 % of the participants were women 
in the yoga group and 51.5 % in the control group. All the nine trials 
were conducted under a certified yoga teacher. 

Meta-analysis of the selected studies

Figure 2: Forest plot evaluating the effect of yoga on mean percentage of HbA1c (%) in a fixed model of analysis. 

Figure 3: Forest plot evaluating the effect of yoga on mean percentage of HbA1c (%) in a random model of analysis. 

HbA1C: Out of the nine trials included for review, data from 
five trials could be included in the meta-analysis for HbA1c as 
the outcome with a continuous measure. Wen analysed using 
fixed model the mean change HbA1c with yoga compared with 
the control group was -0.51% (95% CI -0.57 to-0.44; p<0.00001) 
(Figure 2). Using random model, the mean difference in HbA1c was 
-0.74% (95 % CI -1.26 to -0.21; P = 0.006) with 162 participants 
in the yoga group vs 163 in the control group; heterogeneity chi2 
=229.05, df =4 (P<0.00001), I2 = 98 %. (Figure 3).

Fasting Plasma glucose: Out of the nine trials included in the 
review, data from three trials were included in the meta-analysis 
for FPG as the outcome with a continuous measure. Using fixed 
model, the mean difference in FPG with yoga was -25.2 (95% CI 
-25.3to -25.2, p<0.00001) mg/dl (Figure 4).

Using random model, the mean difference in FPG was -32.0 mg/
dl (95% CI -57.3 to -6.7, p =0.01) with 310 participants in the yoga 
group vs 305 in the control group. (Figure 5). 
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Figure 4: Forest plot evaluating the effect of yoga on mean difference in Fasting blood glucose (mg/dl) among the included studies between 
yoga and control using fixed model. 

Figure 5: Forest plot evaluating the effect of yoga on mean difference in Fasting blood glucose (mg/dl) among the included studies between 
yoga and control using random model of analysis. 

Serum low density lipoprotein (LDL): Out of the nine trials 
included for review, data from the three trials were included in the 
meta-analysis for LDL as the outcome with a continuous measure. 
Using fixed model, the mean difference in LDL in the yoga group 

as compared with the control group was -7.0(95% CI -7.1 to -7.0, 
p<0.00001) mg/dl (Figure 6). Using random model, the mean 
difference in LDL was -26.8 mg/dl (95% CI -42.1 to -11.5, p =0.0006) 
in the yoga group compared with the control group (Figure 7).

Figure 6: Forest plot evaluating the effect of yoga on mean difference in LDL (mg/dl) among the included studies between yoga and control 
using fixed model of analysis. 

Serum high density lipoprotein (HDL)

Two trials were included for the meta-analysis of HDL: 
Using fixed model the mean difference in HDL was 6.9 mg/dl (95% 
CI 6.1 to 7.7, p <0.00001) in the yoga group compared with the 
control group (Figure 8). Using random model, the mean difference 

in HDL was 6.8 mg/dl (95% CI 4.8 to 8.7, p <0.00001) in the yoga 
group compared with the control group (Figure 9).

Serum triglycerides: Meta-analysis was conducted by 
measuring triglycerides from two trials and subgroup analysis. 
Using fixed model, the mean difference in triglycerides was –36.0 
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mg/dl (95% CI -40.0 to -32.4, p <0.00001) in the yoga group 
compared with the control group (Figure 10). Using random model, 
the mean difference in triglycerides was -39.4 mg/dl (95% CI -50.0 

to -28.8, p <0.00001) in the yoga group compared with the control 
group (Figure 11).

Figure 7: Forest plot evaluating the effect of yoga on mean difference in LDL (mg/dl) among the included studies between yoga and control 
using random model of analysis. 

Figure 8: Forest plot evaluating the effect of yoga on mean difference in HDL (mg/dl) among the included studies between yoga and control 
using fixed model of analysis. 

Figure 9: Forest plot evaluating the effect of yoga on mean difference in HDL (mg/dl) among the included studies between yoga and control 
using random model of analysis. 

Serum total cholesterol: Two trials were included for the 
meta-analysis of total cholesterol. Using fixed model, the mean 
difference in total cholesterol was -33.3 mg/dl (95% CI -35.0 to 
-32.0, p <0.00001) in the yoga group compared with the control 
group (Figure 12). Using random model, the mean difference in total 
cholesterol was -33.3 mg/dl (95% CI -35.8 to -30.8, p <0.00001) in 
the yoga group compared with the control group (Figure 13).

Cortisol: Two trials were included for the meta-analysis of 
cortisol measurement. Using fixed model, the mean difference in 
cortisol was -4.4 µg/L (95% CI -4.8 to -4.1, p <0.00001) in the yoga 
group compared with the control group (Figure 14). Using random 
model, the mean difference in cortisol was -5.5 µg/L (95% CI -7.1 
to -4.0, p <0.00001) in the yoga group compared with the control 
group (Figure 15). 
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Figure 10: Forest plot evaluating the effect of yoga on mean difference in triglycerides (mg/dl) among the included studies between yoga and 
control using fixed model of analysis. 

Figure 11: Forest plot evaluating the effect of yoga on mean difference in triglycerides (mg/dl) among the included studies between yoga and 
control using random model of analysis. 

Figure 12: Forest plot evaluating the effect of yoga on mean difference in Total cholesterol (mg/dl) among the included studies between yoga 
and control using fixed model of analysis. 

Figure 13: Forest plot evaluating the effect of yoga on mean difference in Total cholesterol (mg/dl) among the included studies between yoga 
and control using random model of analysis. 
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Figure 14: Forest plot evaluating the effect of yoga on mean difference in cortisol (µg/l) among the included studies between yoga and control 
using fixed model of analysis. 

Figure 15: Forest plot evaluating the effect of yoga on mean difference in cortisol (µg/l) among the included studies between yoga and control 
using random model of analysis. 

Malonaldehyde: One trial including three subgroups was 
included for the meta-analysis of malondialdehyde measurement. 
Using random model, the mean difference for malondialdehyde 
was 16.1 nanomol/dl (95%CI -17.6 to -14.6, p<0.00001) in the 

yoga participants compared with the control group. (Figure 16). 
Using random model, the mean difference for malondialdehyde 
was 16.6 nanomol/dl (95%CI -22.0 to -11.2, p<0.00001) in the yoga 
participants compared with the control group. (Figure 17).

Figure 16: Forest plot evaluating the effect of yoga on mean difference in MDA (nanomole/dl) among the included studies between yoga and 
control using fixed model of analysis. 

igure 17: Forest plot evaluating the effect of yoga on mean difference in MDA (nanomole/dl) among the included studies between yoga and 
control using random model of analysis. 
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Discussion 

Effect of yoga on glycemic control

We identified nine trials and after undertaking meta-analysis 
we found that yoga was associated with a significant mean change 
in HbA1c and FPG, -0.74% and -32.0 mg/dl, respectively, using 
the random effect model in yoga participants compared with 
the controls. Five controlled trials Viveka [18], Mc Dermott [19], 
Yang [23], Gordan et al. [31], Nagarathna et al. [20] conducted to 
assess the effect of yoga on glycemic control reported a statistically 
significant effect of yoga on FPG. One of the trials reported FBG as 
an outcome but we did not include it in the meta-analysis due to 
the lack of the post- intervention measurement. Few of the trials 
reported the results of FBG in mmol/L and was converted to mg/
dl to have a uniform unit of measurement. The mean percentage 
difference in FBG between yoga group ranged from 3.0 to -22.1 %. 
The wide range may be attributed to trial populations which varied 
from population in Indi to the US, Cuba and London, UK. Moreover, 
the age of the research participants varied from 45 to 65 years; one 
of the trials was conducted on geriatric T2DM patients, age between 
60-70 years [24]. Other RCTs [18,19,23] also reported a favourable 
effect of yoga on FBG but was not statistically significant, probably 
due to a small sample size.

In this review and meta-analysis on effect of yoga in the RCTs, 
a positive effect of yoga on FBG was found. The mean difference 
between yoga and control group for FBG was -25.2mg/dl (95% CI 
-25 to, -26) with fixed model. Due to heterogeneity of the results, 
random model was selected and the mean difference between yoga 
and control group for FBG was -32mg/dl (95% CI -57 to, -7). This 
is in concordance with the systematic review and meta-analysis 
by [32-34]. They reported a significant -26 mg/dl,95% CI,-41,-11), 
decrease in FBG in the yoga group as compared with the control 
group with a pooled weighted mean difference of -24 mg/dL (95% 
CI , 38 to 10), standardized mean difference (SMD), -1.4, (95%CI -2 
to 1). Another, meta-analysis by Vizciano et al. [35] indicated a non-
significant effect of yoga on FBG. Al Jasir [26] reviewed four studies 
for the effect of yoga on FBG and reported the mean difference 
between yoga and control group which ranging from -29 to -41 mg/
dl. Of the four trials, three trials showed a statistically significant 
effect of yoga on FBG. The variation in the result may be due to 
methodological factors, different way of measuring the outcome, 
selected population, age, concealment, blinding and intervention 
period of yoga.

Of the nine eligible trials which assessed the effect of yoga on 
the glycemic control in the present analysis, only two individual 
trials [17,24] reported statistically significant effect of yoga on 
HbA1c. While RCTs [18-20,23,31] reported an improvement in 
HbA1c which was statistically non-significant. This may be due 
to a small sample size, variability in methods, compliance to yoga, 
and duration of yoga practice. In this systematic review and meta-
analysis of five trials, the mean difference in HbA1c between the yoga 
and control groups was found to be -0.7%, (95 % CI -1.26 to-0.21.) 

and overall effect size of 2.77 ( P= 0.006) This is in concordance 
with a systematic review by Cui et al. [32] that included twelve 
studies and reported for HbA1C the mean difference between yoga 
and control was -0.47% (95 % CI 0.87 to -0.07). 

Effect of yoga on lipid profiles

The meta-analysis of RCTs shows a significant effect of yoga 
on LDL, HDL, total cholesterol and triglycerides. Mean difference 
between the yoga and control groups in LDL was -26.8 mg/dl (95% 
CI -42.1 to,-11.5), change in total cholesterol was -33.3 mg/dl (95% 
CI -35.8 to -30.8, p <0.00001) , triglycerides was -39.4 mg/dl( 95% 
CI -50.0 to -28.8, p <0.00001) in the yoga group , HDL was 6.8 mg/
dl( 95% CI 4.8 to 8.7, p <0.00001in a random mode of analysis. Out 
of nine tirals, six studies measured serum lipid profiles. Only three 
studies reported a significant effect of yoga on lipids. [20,21,24].

Effect of yoga on oxidative stress

In this meta-analysis of subgroups of one trial, a significant 
decrease in cortisol and malondialdehyde was reported in yoga 
participants as compared with controls. The mean difference was 
-5.5 µg/L (95%CI -7.1 to -4.0, p<0.00001) for cortisol and -16.6 
nanomol/dl (95%CI -22.0 to -11.2, p<0.00001) for malondialdehyde 
in a random effect analysis.

Limitation: Meta-analysis was not conducted on psychosocial 
measurements due to limited trials measuring effect of yoga on this 
parameter. The trials were of low to medium risk. The duration of 
session per day was not detailed in the trials. Compliance rate of 
yoga among participants was not measurement in most of the trials. 
Though search has been done thoroughly but there can be articles 
which were missed. Medium of language was only English for the 
search criteria which may have limited identification of potential 
articles on yoga.

Clinical implications: This meta-analysis indicate that yoga 
may be a potential complementary therapy for the management 
of diabetes by improving glycemic control, serum lipid profiles, 
increasing quality of life, reducing oxidative stress. However, 
future larger randomized controlled trial should be conducted 
with customised yoga for diabetes, applying robust methodology 
and measuring long-term effect of yoga. Since the beginning of 20th 
century, yoga has gained popularity around the globe [36]. Though 
originated from India, it is also widely accepted in the western 
countries. During the course of time, yoga postures must have been 
customized according to the need of practitioners. Thus, variety of 
forms of yoga such as, hatha yoga, Iyengar yoga, Sudarshan kriya 
yoga, vinyasa yoga, bikram yoga etc are available in yoga centers. 
Thus, the studies are conducted using different style of yoga with 
combination of pranayama and meditation. This gives rise to 
heterogeneity and nonconclusive results among studies. Population, 
style of yoga, duration of yoga differs from study to study. It is highly 
recommended that future studies should be done with more focus 
on the style of yoga, duration of yoga and population to which 
it is applied. Sudarshan kriya yoga is a combination of asanas, 
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pranayama and kriya involving cyclic repeating breathing pattern 
with a few moments of holding the breath. This pattern is found to 
be more beneficial in calming the mind thus reducing stress, anxiety 
and depression.[5,37,38] while bikram yoga is a set of 26 asanas, 
standing pranayama, floor asanas and savasanas performed in a 
constant heat of 40° Celsius and 40% humidity [39], Iyengar yoga is 
more focused on asanas and breathing with supporting equipments 
of duration 90 min[40]. Majority of the studies are done on Indian 
population and the similar effect on other population needs 
evaluation. Ethnic disparities exist in diabetes either in biological 
or non-biological factors. [41]. South Asians have a low prevelance 
of overall obesity but yet increased abdominal adiposity, insulin 
resistance and reduced insulin sensitivity is high as compared with 
several other ethnic groups [41]. Future larger randomized trial 
should consider all these pointers while designing the study with 
yoga.

Conclusion

Results from this meta-analysis indicate that yoga can be 
a potential adjuvant therapy for the management of T2DM. 
However, further larger randomized controlled trials are required 
to corrobate the effect of yoga on psychological aspects and other 
health parameters considering the limitations.
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