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Appendix 1: 

1. Zusanli (St 36) – the acupuncture point is located 3 inches below the lateral 

knee depression, one finger breadth from the lateral side of the anterior crest of 

tibia. 

 

 

2. Sanyinjiao (Sp 6) – the acupuncture point is located 3 inches above the tip of 

inner ankle, on the posterior margin of the metatarsal bone. 
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3. Feishu (UB 13) – the acupuncture point located 1.5 inches lateral and inferior to 

the spinous process of the third thoracic vertebra in prone position. 

 

4. Shenshu (UB 23) – the acupuncture point located 1.5 inches lateral and inferior 

to the spinous process of the second lumbar vertebra in prone position. 

 

 

5. Zhongwan (CV 12) – the acupuncture point is located on the upper abdomen 

and on the anterior abdominal wall, 6 inches above umbilicus. 
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Appendix – 2 Yoga module 

Sl. No. Practice No. of rounds 

1. Starting prayer 

2. Breathing Practices 

          -Hands stretch breathing 10 

          -Hands in and out breathing 10 

          -Ankle stretch breathing 10 

          -Tiger breathing 5 

3.  Instant Relaxation Technique (IRT) 

4. Loosening Exercises 

           -Drill Walking 30 

           -Twisting 10 

5. Quick Relaxation Technique (QRT) 

6.  Asanas 

             -Ardhakatichakrasana 3 

             -Ardhachakrasana 3 

              -Vrikshasana 3 

              -Trikonasana 3 

              -Vakrasana 2 

              -Ardha Matsyendrasana 2 

7. Deep Relaxation Technique (DRT) 

8. Pranayama 

              -Sectional Breathing 10 

              -Nadishuddhi pranayama 12 

              -Sitkari pranayama 9 

              -Bhramari pranayama 9 

9. Meditation 

              -Breathe awareness 3 minutes 

10. Closing Prayer 
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Appendix 3- 

Pilot Study -Comparison of changes in ambulatory glucose profile before and after yoga 

   

  Pre Post Difference p value 

Correlation co-
efficient (pre & 

post) r 

Mean 
daily 
glucose 
(mmol/L) 8.35±2.33 7.67±2.05 0.68±0.65 0.014* 0.96 

S.D. 2.30±0.86 1.99±0.66 0.31±0.36 0.036* 0.92 

MODD 1.97±0.71 1.67±0.56 0.3±0.38 0.048* 0.85 

CONGA 7.38±2.29 6.74±1.99 0.64±0.73 0.031* 0.95 

GRADE 6.21±5.85 4.79±4.92 1.42±1.74 0.04* 0.96 

ADDR 19.73±12.25 15.33±9.25 4.4±4.67 0.022* 0.94 

J INDEX 39.44±23.18 32.23±18.07 7.21±8.90 0.041* 0.94 

 

*p < 0.05 

 

Key:  

S.D. – Standard deviation; MODD – Mean of daily differences; CONGA – Continuous 

overlapping of net glycaemic action; GRADE – Glycemic risk assessment in diabetes equation; 

ADRR – Average daily risk ratio 
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Pilot Study
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Appendix 4 - 

Sample size calculation  

 

 Variables 

Correlation 
co-efficient 
(Pre-Post) 

Effect size 
(d) 

Required Sample size 

Power 80 Power 90 Power 95 

 

 

MODD                         0.85 0.797 15 23 31 

Mean glucose 0.96 1.002 10 16 21 

Glucose Dev 0.92 0.829 14 21 29 

CONGA                           0.95 0.866 13 20 27 

GRADE                           0.96 0.798 15 23 31 

LI 0.86 0.829 14 21 29 

 

Key:  

S.D. – Standard deviation; MODD – Mean of daily differences; CONGA – Continuous 

overlapping of net glycaemic action; GRADE – Glycemic risk assessment in diabetes equation 
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            Appendix 5 

             Main study- Baseline characteristics of both the groups  

Baseline Control Intervention p value 

Age 55 56.7 0.48 

Duration of Diabetes 16 14.83 0.53 

HbA1C 7.747 7.607 0.16 

Medication Score 1.9683 1.855 0.11 

BMI 26.05 25.80 0.23 
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This informed consent is for men and women who are invited to participate in research on effect of 

Yoga on variations in blood glucose. The title of our research project is 

“Effect of Yoga and Exercise on Ambulatory Glucose Profile in patients with Type 2 Diabetes” 

Name of Principal Investigator :  Dr. Venugopal V  

Name of Organization  :  S-VYASA University 

 

PART I: Information Sheet 

 

Introduction 

I am Dr.Venugopal V, a PhD student of S-VYASA University. We are doing a research 

on yoga and it’s impact on variations in blood glucose levels. We will give you the necessary 

information regarding the research and invite you to be a part of this research. You do not have to 

decide today whether or not you will participate in the research. Before you decide, you can talk to 

anyone you feel comfortable with, about the research. There may be some words that you do not 

understand. Please ask me to stop when we go through the information and I will take time to 

explain.  

 

 Purpose of the research 

Diabetes is a condition in which there is high blood glucose levels. Low glucose is also 

common in patients with diabetes who are on insulin or a few medication. Frequent and large 

fluctuations in blood glucose levels contributes to diabetes related complications. Correcting these 

fluctuations in blood glucose levels has been found to be very helpful in preventing complications 

related to heart, eyes and feet. This study aims at finding out the amount of variations in your blood 

glucose levels and if these variations are affected using yoga or exercise.   

 

Voluntary Participation 

Your participation in the research is entirely voluntary. It is your choice whether to 

participate or not. Whether you participate or not, the services you receive will remain the same 

and will have no influence. You may change your mind later and stop participating even if you 

agreed earlier.  

 

 

INFORMED CONSENT TO PARTICIPATE IN RESEARCH 
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Procedures and Protocol 

We will explain the exact procedures that will be followed in this study on a step-by-step basis.  

In the first visit, we will ask you a few questions about your health, stress level and your 

demographic details.  

1. After your consultation with the doctor, you will be provided with a patch-like scanner on the 

back of your upper arm which will continuously record your glucose levels. 

2. You might feel a gentle prick while applying the patch, but many say they don’t even feel the 

pain of pricking.  

3. At the end of the 14 day study period you will be returning back to the hospital to return the 

patch.  

Duration  

The research takes place over a period of 14 days. During the time, it will be necessary 

for you to stick to the yoga regime and also the lifestyle changes we administer you.  

Side Effects 

There are no side effects anticipated in this research study. However, you might 

experience hypoglycemic episodes- like feeling dizzy, fatigue or lack of consciousness due to 

variation in your blood glucose due to Yoga or Exercise. 

 Benefits  

 Your 24 hour blood glucose levels would be continuously monitored for 14 days.  

 Yoga class for diabetes will be taught free of cost. 

 This study would help you learn the positive changes that had happened inside you in this 

period.  

Reimbursements 

No reimbursements or compensation are paid for participation in the research. 

Confidentiality 

The information that we collect from this research project will be kept confidential. 

Information about you that will be collected during the research will be coded and put away, and 

no-one but the researchers will be able to see it. Any information about you will have a number on 

it instead of your name. Only the researchers will know what your number is and we will lock that 

information up with a lock & key and the soft copies would be password protected. It will not be 

shared with or given to anyone except the research team.  

Right to Refuse or Withdraw 

You do not have to take part in this research if you do not wish to do so and refusing to 

participate will not affect the way you are treated at your workplace. You may also stop 

participating in the research at any time you choose. It is your choice and all of your rights will still 

be respected. 
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Whom to Contact 

If you have any questions you may ask them now or later, even after the study has 

started. If you wish to ask questions later, you may contact any of the following: 

 

Dr. R M Anjana      Dr.V Venugopal 

Endocrinologist      Yoga & Naturopathy Consultant 

MDRF,       S-VYASA University 

Chennai       Bengaluru    

Ph: 044-439688      Ph: +91 944922 3830 

dranjana@mdrf.in     dr.venu@yahoo.com 

     

This proposal has been reviewed and approved by Institutional Ethics Committee (IEC) of S-

VYASA University and Institutional Review Board (IRB) of Narayana Health City, which are 

committees whose task is to make sure that research participants are protected from any harm.  

 

 

mailto:dranjana@mdrf.in
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PART II: Certificate of Consent 

 I have read the foregoing information, or it has been read to me. I have had the 

opportunity to ask questions about it and any questions that I have asked have been 

answered to my satisfaction.  I consent voluntarily to participate as a participant in this 

research. 

 

Print Name of Participant__________________      

Signature of Participant ___________________ 

Date ___________________________ 

 Day/month/year    

     

If illiterate 

A literate witness must sign (if possible, this person should be selected by the participant and 

should have no connection to the research team). Participants who are illiterate should include 

their thumb-print as well.   

 

I have witnessed the accurate reading of the consent form to the potential participant, and 

the individual has had the opportunity to ask questions. I confirm that the individual has 

given consent freely.  

 

Print name of witness_____________________             &            Thumb print of participant 

Signature of witness ______________________ 

Date ________________________ 

                Day/month/year 

  

I confirm that the participant was given an opportunity to ask questions about the 

study, and all the questions asked by the participant have been answered correctly 

and to the best of my ability. I confirm that the individual has not been coerced 

into giving consent, and the consent has been given freely and voluntarily.  

   

 A copy of this ICF has been provided to the participant. 

 

Print Name of Researcher/person taking the consent________________________ 

    

Signature of Researcher /person taking the consent__________________________ 

Date ___________________________ 
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Raw data: 

Sl_No. Name Age Gender 
Family 
History 

Duration 
of DM HbA1C 

Medication 
score BMI Study_group 

1 Int1 64 Male No 25 8 1.6 28.4 Intervention 

2 Int2 57 Female No 8 7.9 1.6 33.6 Intervention 

3 Int3 65 Female Yes 33 7 1.9 23.1 Intervention 

4 Int4 44 Female No 18 7.5 1.5 32.2 Intervention 

5 Int5 70 Female No 18 8.1 2 21.2 Intervention 

6 Int6 41 Male Yes 10 7.7 2.1 23.9 Intervention 

7 Int7 69 Female No 9 7.6 1.6 22.6 Intervention 

8 Int8 47 Male No 12 7.6 1.6 22.9 Intervention 

9 Int9 58 Male No 15 7.5 2.25 29.9 Intervention 

10 Int10 65 Male Yes 20 8 2.3 20.7 Intervention 

11 Int11 46 Female Yes 10 7.8 2.15 23.9 Intervention 

12 Int12 47 Female No 10 7.8 2.4 24.9 Intervention 

13 Int13 41 Male Yes 10 7.7 2.1 24.1 Intervention 

14 Int14 69 Female No 9 7.6 1.6 25.4 Intervention 
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15 Int15 47 Male No 12 7.6 1.6 25.3 Intervention 

16 Int16 58 Male No 15 7.5 2.25 35.5 Intervention 

17 Int17 65 Male Yes 20 8 2.3 25.8 Intervention 

18 Int18 64 Male No 25 8 1.6 23.7 Intervention 

19 Int19 57 Female No 8 6.9 1.6 23.2 Intervention 

20 Int20 65 Female Yes 33 7 1.9 33 Intervention 

21 Int21 44 Female No 18 7.5 1.5 23.1 Intervention 

22 Int22 70 Female No 18 7.6 2 29.4 Intervention 

23 Int23 49 Male Yes 14 8.1 1.6 25.8 Intervention 

24 Int24 61 Male No 7 7.3 1.8 22.4 Intervention 

25 Int25 53 Female Yes 8 7.7 1.7 21.9 Intervention 

26 Int26 59 Female Yes 11 7.3 2.1 24.7 Intervention 

27 Int27 63 Female No 9 7.2 1.7 25.2 Intervention 

28 Int28 52 Male No 12 7.9 1.9 22.6 Intervention 

29 Int29 66 Female No 22 8.2 1.9 29.2 Intervention 

30 Int30 45 Male No 6 6.6 1.5 23.4 Intervention 
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Sl_No. Name Mean_pre Mean_post SD_pre SD_post LI_pre LI_post MODD_pre MODD_post MAGE_pre MAGE_post 

1 Int1 163.73 141.94 32.03 20.19 572.39 225.63 26.95 14.27 70.87 39.04 

2 Int2 136.81 116.57 26.05 22.02 434.46 267.37 25.04 20.71 63.21 46.01 

3 Int3 130.62 129.13 23.8 21.22 411.17 333.71 17.34 15.03 60.98 60.63 

4 Int4 118.7 112.01 20.73 16.24 220.86 182.17 18.18 11.86 59.29 40.41 

5 Int5 98.05 77.92 21.76 12.57 297.09 103.87 17.54 8.77 51.55 24.77 

6 Int6 155.83 125.17 37.51 24.98 883.44 389.99 34 20.69 79.48 56.06 

7 Int7 166.45 139.23 43.08 24.91 989.26 362.2 39.98 22.48 105.25 55.32 

8 Int8 154.87 125.88 27.44 20.6 727.13 359.57 23.01 19.35 70.3 45.9 

9 Int9 149.12 89.46 40.13 26.62 1052.27 336.15 34.94 18.03 100.3 51.47 

10 Int10 153.79 118.09 37.92 24.23 887.19 389.74 28.76 18.08 87.44 59.43 

11 Int11 122.06 122.06 35.54 35.54 679.63 679.63 32.31 32.31 79.14 79.14 

12 Int12 145.66 125.5 34.58 23.93 649.56 268.09 28.7 16.41 79.22 47.03 

13 Int13 150.47 89.02 35.21 14.23 247.16 67.48 18.88 11.45 39.05 28.78 

14 Int14 218.02 209.66 59.37 57.96 1286.99 1027.87 41.06 38.35 95.77 157.76 



133 

 

15 Int15 122.06 122.06 35.54 35.54 679.63 679.63 32.31 32.31 79.14 79.14 

16 Int16 108.28 96.16 37.05 30.73 1224.04 895.93 33.31 24.93 104.06 80.72 

17 Int17 147.86 145.4 45.35 38.72 1713.05 1132.21 31.9 34.26 113.63 91.9 

18 Int18 119.84 112.54 28.71 28.44 826.7 920.49 23.76 22.28 77.37 62.77 

19 Int19 116.11 105.53 22.02 21.24 762.59 803.89 21.89 20.58 55.29 63.44 

20 Int20 139.45 122.28 48.66 43.02 901.62 646.28 45.21 26.78 117.82 101.69 

21 Int21 150.23 137.73 54.76 43.76 1370.47 1193.91 48.36 45.87 122.9 104.59 

22 Int22 221.87 182.18 58.3 39.02 1158.69 1105.55 55.28 41.18 100.68 99.15 

23 Int23 130.99 131.85 18.98 20.83 399.58 365.69 18.32 16.82 43.95 51.88 

24 Int24 136.86 90.11 41.17 22.81 592.26 152.19 27.54 15.25 68.63 35.73 

25 Int25 128.91 87.82 24.8 9.98 454.97 52.92 14.66 4.75 57.64 17.53 

26 Int26 139.45 122.28 48.66 43.02 901.62 646.28 45.21 26.78 117.82 101.69 

27 Int27 135 88.58 28.47 18.06 238.58 53.42 24.43 15.7 56.03 26.18 

28 Int28 148.65 85.85 34.4 15.65 260.42 71.15 19.43 11.65 38.8 29.52 

29 Int29 137.4 103.85 40.99 17.02 590.19 136.27 27.79 12.82 68.63 35.51 

30 Int30 140.17 111.85 40.84 17.02 580.99 136.27 27.84 12.82 68.47 35.51 
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Raw data (control): 

Sl_No. Name Age Gender 
Family 
History 

Duration 
of DM HbA1C 

Medication 
score BMI Study_group 

1 Cont1 41 Male Yes 11 8.1 2.2 22.5 Control 

2 Cont2 65 Female No 10 8 1.7 26.2 Control 

3 Cont3 45 Male No 13 6.9 1.7 27 Control 

4 Cont4 56 Male No 16 7.9 2.25 31 Control 

5 Cont5 63 Male Yes 21 8.3 2.5 27.2 Control 

6 Cont6 62 Male No 26 8.1 1.7 24.2 Control 

7 Cont7 55 Female No 9 7.3 1.7 24.1 Control 

8 Cont8 63 Female Yes 33 7.4 2 22.9 Control 

9 Cont9 42 Female No 18 7.9 1.75 29.9 Control 

10 Cont10 47 Female Yes 10 8.2 2 20.7 Control 

11 Cont11 64 Female Yes 17 8.4 2 25.6 Control 

12 Cont12 51 Male No 11 7.9 2.25 27.8 Control 

13 Cont13 47 Female No 8 7.3 2 30.6 Control 

14 Cont14 51 Male No 12 7.9 2 22.9 Control 
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15 Cont15 59 Female No 17 7.7 2 29.9 Control 

16 Cont16 61 Male Yes 8 7.3 1.5 20.7 Control 

17 Cont17 45 Female No 11 7.8 2.25 30.4 Control 

18 Cont18 46 Female Yes 10 7.3 2.15 26.7 Control 

19 Cont19 65 Male Yes 20 8 2.3 24 Control 

20 Cont20 58 Male No 15 7.5 2.25 28.7 Control 

21 Cont21 47 Male No 12 7.6 1.6 25.8 Control 

22 Cont22 65 Female No 15 8 2 22.3 Control 

23 Cont23 41 Male Yes 10 7.7 2.1 21.9 Control 

24 Cont24 68 Female No 24 8 2.25 32.1 Control 

25 Cont25 44 Female No 15 7.9 1.5 22.1 Control 

26 Cont26 65 Female Yes 33 7.4 2 29.2 Control 

27 Cont27 57 Female No 10 7.3 1.75 27.7 Control 

28 Cont28 62 Male No 26 7.9 1.75 23.4 Control 

29 Cont29 47 Male Yes 15 7.4 1.9 24.2 Control 

30 Cont30 68 Female No 24 8 2 29.7 Control 
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Sl_No. Name Mean_pre Mean_post SD_pre SD_post LI_pre LI_post MODD_pre MODD_post MAGE_pre MAGE_post 

1 Cont1 105.54 93.41 23.85 20.68 412.73 220.55 17.32 18.72 60.98 57.01 

2 Cont2 99.47 86.47 27.66 23.64 608.26 366.96 23.38 24.19 66.2 51.84 

3 Cont3 204.64 127.25 42.11 30.66 687.5 467.89 39.28 25.63 89.08 75.7 

4 Cont4 121.58 95.87 46.48 34.48 1169.11 856.49 32.13 28.14 107.91 80.51 

5 Cont5 94.76 94.76 30.72 30.72 645.46 645.46 27.43 27.43 61.55 61.55 

6 Cont6 139.88 140.05 46.12 38.93 757.3 569.95 36.71 31.28 106.66 83.41 

7 Cont7 94.76 95.64 30.72 31.41 645.46 723.38 27.43 27.36 61.55 66.38 

8 Cont8 122.09 109.63 31.39 29.13 620.9 584.41 24.89 24.98 77.14 71.25 

9 Cont9 157.84 138.73 63.58 57.22 1252.56 1127.42 53.87 42.27 146.07 134.68 

10 Cont10 195.23 211.65 56.5 44.41 1551.74 1108.51 56.79 56.87 120.54 111.03 

11 Cont11 111.01 128.83 53.42 61.5 886.32 1115.9 42.35 56.81 141.13 155.25 

12 Cont12 97.76 98.64 30.72 31.41 645.46 723.38 27.43 27.36 61.55 66.38 

13 Cont13 139.1 132.96 67.06 67.2 1939.46 2642.05 60.55 63.38 146.14 164.81 

14 Cont14 224.75 184.67 97.44 85.54 3270.43 2051.12 94.55 91.2 200.47 174.11 

15 Cont15 177.41 133.71 63.03 46.01 1371.98 854.61 58.67 40.7 103.72 101.58 
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16 Cont16 179.28 189.82 96.94 97.26 3437.85 3773.8 68.41 75.1 245.63 243.65 

17 Cont17 160.84 141.73 63.58 57.22 1252.56 1127.42 53.87 42.27 146.07 134.68 

18 Cont18 125.09 112.63 31.39 29.13 620.9 584.41 24.89 24.98 77.14 71.25 

19 Cont19 142.88 143.05 46.12 38.93 757.3 569.95 36.71 31.28 106.66 83.41 

20 Cont20 97.76 90.12 30.72 24.3 645.46 412.1 27.43 24.93 61.55 54.21 

21 Cont21 124.58 98.87 46.48 34.48 1169.11 856.49 32.13 28.14 107.91 80.51 

22 Cont22 130.25 207.64 30.66 42.11 467.89 687.5 25.63 39.28 75.7 89.08 

23 Cont23 102.47 89.47 27.66 23.64 608.26 366.96 23.38 24.19 66.2 51.84 

24 Cont24 108.53 96.41 23.88 20.68 413.85 220.55 17.29 18.72 60.8 57.01 

25 Cont25 192.23 208.65 56.5 44.41 1551.74 1108.51 56.79 56.87 120.54 111.03 

26 Cont26 108.01 125.83 53.42 61.5 886.32 1115.9 42.35 56.81 141.13 155.25 

27 Cont27 136.1 129.96 67.06 67.2 1939.46 2642.05 60.55 63.38 146.14 164.81 

28 Cont28 221.79 181.67 97.51 85.54 3272.56 2051.12 94.61 91.2 200.47 174.11 

29 Cont29 174.41 130.71 63.03 46.01 1371.98 854.61 58.67 40.7 103.72 101.58 

30 Cont30 176.36 186.79 96.99 97.4 3438.3 3783.52 68.5 75.07 245.63 243.65 
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Reviewer 1 comments: 
 
 

1.       Small typographical corrections required, like, in pg-10 instead of fig.2 it 

is mentioned as fig.1. There are few more on pg.37, pg.50 etc. 

 

Reply: Apologies. Following changes are made as pointed out.  

             “Pg. 10:  (Fig 2) changed to (Fig 1). 

              Pg. 37:  ‘compared the diabetic...’ changed to ‘compared to patients 

having diabetes..’ and (Salas-Salvado et al., 2011) – bracket removed. 

               Pg. 50:  ‘…culminate in disease..’ changed to ‘…culminate as disease..’ 

” 

 

The whole document is again re-read for further typographical errors. 

Thank you 

 

 
2.       Section 1.8 is too elaborate. It would have been fine if Yoga part was also 

described in detail. Herbal medicine part is dealt in great detail but a very short 

note on Yoga, this is also the same in literature review section. 

 

Reply: Being a Yoga and Naturopathy consultant, I actually wanted my thesis to 

contain possible yoga and natural plant-based treatment for the management of type 2 

diabetes (T2DM). Apologies. I shall remove the ‘botanical medicine’ section if it is 

too elaborate.  

Further, Yoga part has been kept to the minimum in section 1.8 as I felt that it shall be 

discussed in detail in the chapter 2- ‘Review of ancient literature’ section and sections 

that follows. 

However, I agree that literature review section has minimum notes on ‘yoga for 

T2DM management’ as well. Therefore, I would like to add the following to the 

‘Literature review’ section.     

 

--- 

 “Patients with T2DM have higher levels of oxidative stress and studies on yoga 

have showed a reduction in oxidative stress and increased anti-oxidant defence, by 



 

154 

 

improving superoxide dismutase, glutathione, malondialdehyde, vitamin C and vitamin 

E profile (Hegde et al., 2011; Mahapure, Shete & Bera, 2008).  

Glucose uptake into skeletal muscles could be stimulated via insulin 

independent mechanisms, that are activated by muscle contractions, hypoxia and nitric 

oxide, all of which are shown to increase membrane translocation of Glucose 

Transporter 4 (GLUT 4) (Henriksen, 2002; Zierath, Krook & Wallberg-Henriksson, 

2000). In the insulin resistant state, as in metabolic syndrome and T2DM, the insulin-

dependent glucose disposal in skeletal muscle is markedly impaired (Kahn, Hull & 

Utzschneider, 2006); however, the capacity for the insulin-independent Adenosine 5’-

monophosphate activated protein kinase (AMPK) -mediated glucose uptake is still 

intact in the muscle cells of patients with T2DM (Koistinen et al., 2003). Yoga-asanas 

and pranayama has shown to improve insulin sensitivity in T2DM (Singh et al., 2008). 

Insulin sensitivity is found to be significantly higher in regular practitioners of yoga 

(Chaya et al., 2008). The observed increase in glucose sensitivity could be attributed to 

the possible activation of AMPK through muscle contractions involved during yoga 

postures (Zhang, Zhou & Li, 2009). Increase in moderate physical activity is associated 

with multiple benefits like, improved insulin sensitivity, better glycaemic control, 

reduced BMI, improvement in lipid profile and other risk factors associated with 

diabetes such as obesity and hypertension (Pischke et al., 2006; Aune et al., 2015). 

However, physical exercise may need to be done with caution in patients with increased 

risk of cardiovascular events and co-morbidities associated with microvascular and 

macrovascular complications like diabetic neuropathy and proliferative retinopathy, 

which could worsen with intensive exercise programs (Zinman et al., 2004). 
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Reduction in the pro-inflammatory markers like TNF α, IL-6, CRP and hsCRP 

and increase in the anti-inflammatory markers like adiponectin are consistently reported 

through various studies on yoga (Kiecolt-Glaser et al., 2012; Sarvottam & Yadav, 2014; 

Vijayaraghava et al., 2015). Adiponectin activates AMP kinase of liver and thereby help 

reduce hepatic glucose production (HGP) (Combs et al., 2001). Role of adiponectin on 

improving endothelial Nitric Oxide synthatase (eNOS) and resultant increase in 

endothelial nitric oxide production is well established (Hattori et al., 2003; Chen et al., 

2003), which is beneficial in the prevention of neuropathy, cardiovascular complications 

and delayed wound healing in diabetes. A systematic review on the effect of exercise on 

adiponectin states that moderate intensity exercise programs have significant impact on 

the adiponectin levels (Simpson & Singh, 2008). This was ably supported by a study 

which found regular yoga practice to increase adiponectin levels (Kiecolt-Glaser et al., 

2012). 

Brain-Derived Neurotropic Factor (BDNF) prevents apoptosis and preserves 

insulin secreting capacity of β- cells (Bathina, Srinivas & Das, 2016). Similarly, 

serotonin is also reported to increase β-cell proliferation (Kim et al., 2010). Some yoga 

studies have reported improvement in the BDNF and serotonin levels following practise 

of yoga (Lee et al., 2014; Naveen et al., 2016). An improvement in cognitive brain 

functions of T2DM patients is also observed with regular yoga practise (Kyizom et al., 

2010). ” 

--- 

 

3.       I feel that introduction could have had more information on micro & 

macrovascular complications, specially some mechanistic insight on why 

variation in glucose is more damaging than increased glucose itself. 

 

Reply: Being an emerging concept in the T2DM, it was difficult to gather much 
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literature on the mechanism behind glycemic variability leading to micro & 

macrovascular complications, except ‘increase in oxidative stress’ contributing to 

diabetes complications and increased protein glycation. 

 
4.       Continuing with the last comment, will be interesting if you can mention 

the reasons for GV. 

 

Reply: The exact mechanism or reasons for GV is not clearly understood, but as for 

now it is being attributed to the medications, mainly insulin secretagogues and insulin. 

Inter- individual differences might also be a reason in a community based study, as no 

two individuals might have the same amount of beta cell dysfunction or glucose 

tolerance, even though the diagnosis reads the same as T2DM. Glycemic index of the 

food is also mentioned in the literature as one of the possible reasons for GV. 

 
5.       Though the work is focused and tries to describe a novel phenomenon in 

the form of yoga’s effect on GV, feel that it is less to be considered a complete 

phd work. could have done a few additional experiments (see below). 

 

Reply: We do agree that the results would have added more value if we could have 

measured ACh, GABA and a few oxidative stress markers as well. However, funding 

was a major issue, as we were able to obtain only around INR 2 Lakh from a CSR 

initiative for our pilot study and main study combined. As the idea of GV was a bit 

novel and first of its kind for a yoga study, we needed some data to write for funding 

to government agencies which we were not able to do then and are currently planning 

to apply for funding now. I would definitely like to work on the results further to 

understand the underlying mechanism of action in the future. 

 

Further comments on results and discussion 

section: 

 
6.        What  is  the  reason  you  would  give  for  more  normal  distribution  of  

data  in  the intervention group while not in the control group (table – 3, more 

parameters required to be tested with Wilcoxon test in the control group). 

 

Reply: One possible reason might be that the intensity of walking in the control 

group might have differed from person to person (inspite of a general instruction of a 

moderate intensity walking which makes you ‘slightly breathless’), when compared to 
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the same uniform yoga protocol delivered to the participants in the intervention group 

by the same yoga professional.  

 
7.       Is the values in table – 3 of 7 days or 14 days? 

 

Reply: Pre values are calculated at the end 

of 7 days 

            Post values are calculated between day 8 to 14. 

As per the instructions from flash glucose monitoring manufacturers ‘Abbott’, five 

day blood glucose readings are required for the GV graph and for proper calculation 

of the inter-day and intraday variability, and to possibly minimize the confounding 

factors/deviations.  

 
8.       If the pre mean (in both groups) is of first 7 days then why big difference 

in control vs yoga group for MODD & MAGE? Was the control group walking 

from day 1? 

 

Reply: Control group started walking only from day 8.  

We were having the same doubts after looking at the data. Though MODD & MAGE 

are not directly proportional to the mean, as mentioned earlier, the big difference in 

GV measured using MAGE & MODD might be due to possible inter-individual 

differences. 

 
9.       Possible that I have not understood the design properly, is there any 

explanation for difference in pre mean for MODD and MAGE between control 

and yoga group? 

 

Reply: Recruitment of the patients were primarily based on the HbA1C levels 

between 7% - 8.5%, medication score of > 1.5 with atleast one oral insulin 

secretagogue. Though the HbA1C criteria was broad, not many patients were having 

medication score of > 1.5 at the lower end of the HbA1C range and patients were on 

insulin when HbA1C was around 8.5% in the tertiary care hospital that we had 

recruited. Therefore, most of the patients who got recruited where within a tight range 

of 7.5% – 8%, giving us a somewhat similar mean glucose levels. 

However, we could calculate the MODD & MAGE only at the mid-way of the study 

(i.e. after 7 days) and therefore we were not able to balance or control the wide 

difference between the two groups in MAGE or MODD during the initial recruitment 



 

158 

 

phase inspite of a somewhat a similar pre-mean.  

 
10.   In the discussion the 3 possible mechanisms all zero-in on autonomic 

nervous system modulation as the reason for difference between control and 

yoga groups. Then why was no effort put into measuring Ach, glp-1 or paracrine 

communication. You have mentioned previous studies with yoga showing impact 

on ach, gaba etc., but in a Ph.D. work this would have completed the story. 

 
Reply: We definitely agree. As mentioned in comment 5, funding was a major issue for 

me as a full time PhD student and we are currently working on writing a proposal 

including the parameters that you had mentioned along with oxidative stress markers for 

further research on the topic. 

 

 

Reviewer 2 comments: 

 

Question 1.    

It is a known fact that the effect of Yoga is long term. The time frame used for this 

study seems very short to have noticeable changes in the patients. That is also 

reflected in the data. There seems to be intra group variability also. Why such a 

short duration has been chosen and how these problems could be addressed in 

future needs to be clarified. 

Answer: 

The short duration of the intervention is one of the major strength as well weakness for 

our study. Research evidence does clearly show that yoga is effective while practising 

for long term of 3 months, 6 months & 12 month duration. However, the minimum 

duration and frequency of yoga required to bring about a significant change glucose 

levels in diabetes or in other words minimum ‘dosage’ of yoga required to bring about a 

noticeable change in the glucose levels and glucose homeostasis has not been studied so 

far and I personally wanted to explore this particular area through our study. Previous 

studies using a minimum duration of 3 months yoga for T2DM might have been carried 

out to measure HbA1C, as HbA1C was (/is) a robust prognostic marker for T2DM 

which could to be measured only after a 3 month period. As discussed in the thesis, 

HbA1C is not the only major marker to understand glycemic status anymore and 
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glycemic variability is gaining importance as a significant marker of glycemic status in 

the recent past. In our study, we noticed that yoga starts showing impact on the 

glycaemic variability as early as 7 days and we anticipate that with regular practise the 

effect would be sustained as far as they continue practising yoga. We definitely agree 

that we would have got a really valuable data if we could have followed them up with 

AGP data for a longer time at month 3, 6 &/ or month 12, but due to funding constraints 

we were not able to afford more than one AGP per patient. In the future, we would 

definitely overcome these issues for sure taking into account of your valuable 

suggestions.  
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2.   This is a preliminary study according to the thesis. And hence the small no of 

Individuals studied. However, considering the intra group variability and the 

marginal changes in the various criteria studied, the significance of these changes 

cannot be concluded with confidence. How this can be addressed needs to be 

clarified. 

 

Answer:  

We were initially not sure about the sample size required for our study as this was first 

of its kind yoga study using continuous glucose monitoring as the primary variable. 

Henceforth, we conducted a pilot study and sample size was calculated based on the 

results of our pilot study (Appendix 4) with the guidance of a statistician. Power was 

actually set at 0.90 to get a sample size of 23, as we got a even lesser sample size of 15 

or lesser for various parameters of power was set at 0.80. Accounting for the dropouts, 

we had set a sample size of 30 in each group. In the main RCT study, though there is 

statistically significant reduction within intervention group, between group differences 

are only marginal in few of the parameters.  In this context, we agree that larger sample 

size might be required in the future studies to further validate and substantiate our 

findings. Effect size and Cohen’s d has been calculated for the various parameters in 

Table 3. 

 

 

 

 


