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Appendix 1

Acupuncture points for
Diabetes
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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.
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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.

B
SHENSHU

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
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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
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 Results
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Appendix 3-

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

Correlation co-
efficient (pre &

Pre Post Difference p value 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 4.7914.92 1.42+1.74 0.04* 0.96
ADDR 19.734£12.25 | 15.3349.25 | 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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Appendix 4

Sample Size Calculation from the

Pilot Study
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Appendix 4 -

Sample size calculation

Eg:fflii:‘i:‘r: Effect size Required Sample size

Variables (Pre-Post) (d) Power 80 Power 90 Power 95
MODD 0.85 0.797 15 23 31
Mean glUCOSG 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 groups
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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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Ethical Clearance Letters
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MADRAS DIABETES RESEARCH FOUNDATION

¢ INSTITUTIONAL ETHICS COMMITTEE

‘e Registered with Office for Human Research Protections (OHRP), US Dept. of Health & Human Service
IRB No. IRB00002640; IORG No. IORG0002118; Assurance No. FWA0002981
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STUDY TITLE: Effect of Yoga on Ambulatory Glucose Profile in patients with Type 2 Diabetes

Subject Approval of the study documents by the Institutional Ethics Committee of Madras Diabetes
Research Foundation for the above referenced protocol

Decar Dr.Venugopal

This is with reference to your application letter dated 18 Aug 2017, the following documents
were reviewed and approved in the convened Institutional Ethics Committee of Madras Diabetes
Research Foundation meeting held on 24" Aug 2017 at 15.30 Hrs

1 Study Protocol version 1.0 dated 31 Oct 2017

2 Participant Information Sheet and informed consent form English, version 1.0 dated 31
Oct 2017

3 Participant Information Sheet and informed consent form Tamil, version 1.0 dated 31
Oct 2017

4 Curriculum vitae of Principal Investigator

The convened meeting held on 24" Aug 2017 at 15.30 Hrs was attended by; L
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Govt. Kilpauk Medical College and | Expert Male No
Hospital, Medicine
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'5 ! Dr K Barancedharan Consultant - Internal Medicine &
¢ Diabetology Global Hospital Expert Medicine Male No

1’ #439, Cheran Nagar,
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{6 i Dr Purna Shankar Karna Prayag Trust Welfare
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| Teynampet, Chennai-18

i
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REGD. OFFICE : No. 4, Conran Smith Road, Gopalapuram, Chennal - 600 086, Ph : 91-44-43968888, Fax : 91-44-28350935
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We approve the study to be conducted in its presented form The approval is valid for 3 pericd of
one year Piease be informed that the Ethics Committee is re-registered with the office of DCG(l) (Peg
No.: ECR/184/Inst/TN/2013/RR-186).The Institutional Ethics Committee of Mzdras Dizbetes Rezezrch
Foundation expects to be informed about the progress of the study. any SAE cccurring in the course of the
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We approve the assessments as specified in the clinical study protocc! and the study czn be
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the voting procedures for the referenced study

The Institutional Ethics Committee is constituted according to the Schedule Y of Indizn & Drugs
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Yours Sincerely,
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Dr.M.Balasubramanyam

Member Secretary

Institutional Ethics Committee of
Madras Diabetes Research Foundation
Chenna: 6000886

REGD. OFFICE : No. 4, Conran Smith Road, Gopalapuram, Chennai - 600 086, Ph : 914443968823, Fax : 91-44-28350335
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Appendix 7

Informed Consent & Patient
Information Sheet
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INFORMED CONSENT TO PARTICIPATE IN RESEARCH

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.
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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
MDREF, 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.
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PART II: Certificate of Consent

I have read the foregoing information, or it has been read to me. | have had the
opportunity to ask questions about it and any questions that | have asked have been
answered to my satisfaction. | 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. | 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
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Raw data:

Family Duration Medication

SI_No. | Name Age Gender History of DM HbA1C | score BMI Study_group
1] Intl 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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SI_No. | Name Mean_pre | Mean_post | SD_pre | SD_post | LI_pre LI_post | MODD_pre | MODD_post | MAGE_pre | MAGE_post
1] Intl 163.73 141.94 32.03 20.19 | 57239 | 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 2498 | 883.44 | 389.99 34 20.69 79.48 56.06
7 | Int7 166.45 139.23 43.08 2491 | 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 2423 | 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
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15 | Int15 122.06 122.06 35.54 35,54 | 679.63 | 679.63 32.31 32.31 79.14 79.14
16 | Intl6 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):

Family Duration Medication
SI_No. | Name Age Gender History of DM HbA1C | score BMI Study_group
1| Contl 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 | Contd 56 | Male No 16 7.9 2.25 31 | Control
5 | Cont5 63 | Male Yes 21 8.3 2.5 27.2 | Control
6 | Contb 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 | Contl1l 64 | Female Yes 17 8.4 2 25.6 | Control
12 | Contl12 51 | Male No 11 7.9 2.25 27.8 | Control
13 | Cont13 47 | Female No 8 7.3 2 30.6 | Control
14 | Contl4d 51 | Male No 12 7.9 2 22.9 | Control
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15 | Contl15 59 | Female No 17 7.7 2 29.9 | Control
16 | Contl6 61 | Male Yes 8 7.3 1.5 20.7 | Control
17 | Contl7 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 21 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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SI_No. | Name Mean_pre | Mean_post | SD_pre | SD_post | LI_pre LI_post | MODD_pre | MODD_post | MAGE_pre | MAGE_post
1| Contl 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 | Contl1l 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 | Contl4 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 | Contl6 179.28 189.82 96.94 97.26 | 3437.85 | 3773.8 68.41 75.1 245.63 243.65
17 | Contl7 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 30.72 243 | 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

137




Appendix 9

List of Publications

138




EEVIEW ARTICLE

Ethnic Disparity and Increased Prevalence of Tvpe 2

Diabetes Among

South Asians: Aetiology and Future Implications for Diabetes Prevention

and Management

Vemgopal Vijayakumar , Ramesh Mavathur and Manjunath NE Sharma

Anvesana Research Laboratories, 5-FTAS4 University, Bengalury, Indin

ARTICLEHISTURY

sl Wy 112007
Raviaad Jaby 2, XilT
Agcapted Sapaatar 11 1T

s

[l SR

A R R

Abstract: Beckprownd’: Type I diabetes mellims (TIDM) s temdng out to be a global health crisis.
Curmently available Literaters clearly indicates an increased misk of type I disbetes ameomgst Sowth

Asian population.

Oijeative: The objecttrs of this namatere view s to sxplore the non-modifiable and modifable dk
factors of TXDM in Seeth Asian popmiation, inchiding their bolicfs, artitedes, tocin ecomomic and eul-
taral barmiars and alse to explore e possdble imphications in decigning milmre speciic dishetes pre-
wantion 2nd managemant programs.

Mihod: This namatve review is based wpon the data froms individnal wmdies 2=d roview artcle
kzown to the eethors. Addiional relevant smdies were identified through PubMed search on Englith-
lingage papars published m J000-2017 usizg the mlevant keywrords. Whare appropriam, the redes-
wnce Lists of key papers wers eviswsd to identfy additional sbedies of inkmst.

Kesults: Mamy genstic and sovirommantal tisk Sctors such as dist, physical mactivity, and shesp con-
tibte to the increased provalance of diaboms in the ethmic growp. Providing mers knowledge abomt
dishatns and these risk factors muight mot be sufficient in this particolar sthnic groep. It i esential to
afdress their haliefs, atimdes and the colral barriers fced.

Conclusion: To ovarconse the health dispanity in the South Asian ethnic group, varous mk factors
associied with diabete:, and the challenge: faced are to b comsidered whils designing ffure diske-

tes pravention and manxgement soategies.
Keywords: Type 1 diabetes mellis, South Asian, diabetes, ettmicity, rizk facters, barmers, manazement

1L INTRODUCTION

Ethnicity is a complex constuct that comprises mltiple
genetic, psychosecial, seciseconamic, cultaral and behay-
toural faciors [1]. The prevalence and mcidence of type 1
diabetes (TIDM) are higher in few ethnic populations than
others. In the UK, the mcreased prevalence of TIDM is re-
parted to be three timees higher in Afre-Cartbbean populaton
and six fimes higher in Seuth Asian (mchides ndian, Pakd-
stni. Bangladeshi and Srilankan) population, when com-
g;i to White Caucasian population [1] For any given

Mass Index (BEMI) or waist ciromference, Seuth
Asians have approwimately 6% hizher tofal body fat than
Caucasians [3] and are more liksly o develop TXDM at a
vounger age and associated co-morhidities such as worse
glycaemic conmol, higher prevalence of hypertension, red-
mopathy and cardsovasoular risk factars [4, 5]. A muolt-sthnic

®Auddeas conmeapondmis o tis sulor al e Anvesans Ressarch Laborate-
fed, BVYASA Uanesly, Beagalum, ladie Tel +915948023930

E-mail: dr vesujdy shoo com

stady conducted in Singapers, found Indian immigrants ta be
at the highest risk of developing T2DM, and amongst indi-
viduals with diahetss, Indimsmnn‘nﬂhighatrisknfde-
veloping cardiovascular complcations [3, §]. The mereased
Iﬂmwn;kat'TlD‘vamESwmﬂsun palation is ob-
served oot just in the nadive population, bat also ehserved to
remain higher even when they migrate to the developed
Couniries as mmirrants [1, 3, 6, 7).

The exact reason behind this ethnic and racial disparity is
mot clearly distnct. Thwghgeuedcriskfmnmcnm
mooly attmbuted to the inoeasad prevalence of TIDM in
south Asiams, the role of modifiable risk factors such as diet,
phiysical activity and stress could not be ignored. This review
initially expleres the various modifiable and non-modifiahle
risk factars atmibated to T2DM and the commen barriers
which contribute to the prevailing health disparify obssmved
in south Asians, and Later ragarding the possible implications
for the prevention and management of TXOM appropriate to
this particular ethnic zroup.
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1 NON-MODIFIABLE RISK FACTORS
11. Genefic Predizposition

The pathogenesis of TIDM often invelves two major
componznts —Insulin resismnce and §- cell dysfunction.
TADM iz belizved to develop due to the complex imarplay of
these componsents. However, there are ampls svidences sug-
gesting that thers is a variation in the relative conaibution of
one of these I pathogenic factors across different ethnic
groups. For instance, [§ cell dysfuncion is more prominent
than insolin resistance in Asian Indian: with mild dysglhy-
caemia [7].

Mamy theones have besn put forth to explam this ethmic
disparity and gemetic suscepbility. Ome of the earliest theo-
ries, the “Thrifty gene hypothesis” posits that milkions of
vears age, the geme: of our ancesiors undsrweni Femeic
modification (Tesulting in ‘thrifty zenes”) to ensure efficient
siorage of far [8]. Thiz was pecessitared as food availabiliny
Wi insecure and natoral disasters such as five, flood and
famins were more rampant. Corroboraong this, histerical
data on fieod reparts that in the past 2,500 years, as many as
B famines were recorded fTom the Indian sub-contibent
i(which inchades India, Pakistam, Bangladesh and Srilanka)
[9]. Metabolic thriftiness ensured efficient storage of fat
whenever food i available, resuling in transmission of me-
mbolically efficient or ‘thrifiy” genes to the fuhme gemera-
gons. Evolotionary advantage endowsd by thrifty geme
rarmed inte nemesis for human @ce as the fomre penerations
evolved out of honter-gatherer mede o coltivators, where
manmal disasters like famine are noi @mMpant aoymaore and
the phyzical acovity has been compensated by the ioventon
of the madern equipment and sedentary lifesryle [10].

Another hypothesis, the “CGenstic mashcan hypothesiz®
postalates that multiple peural Zens ou@tons inoeass the
risk of diabetes, when accummlated and concentrated in a
population [11]. This hypothesis & equally infmgams, be-
caze ‘disbetogenss’, as the auther suggests, are gemsrally
recessive [11]. The mereased prevalence of TIDM in Seuth
Asin populatien could also be aimbuied to the fact that they
are less emogamons [12], as exopamy and interbresding exert
a difuting effect on motant genes, and many of the South
Asian compmmities soll have the oustom of endopamaons
marmiagss than Cancasians, making them gemetically more
suscapiible o diabetes [13]) A sudy condocted m Pumjabi
Sikhbs from India showed an creased incidence in the auto-
somal regessive LGMDC, which &= atmibated to the endog-
amy practised within the community [14] and is in line with
the ‘zenstic Tash can” hypothesis.

Fecent advancements m genstics through Genome-wide
Associated Sradies (GWAS) and epizenstic stadies facilitate
i better understanding of intricate details regarding genes
and genetic variations throush varous large scale genatic
smdies. The Text-minded Hy iom, Obesity and Diabe-
tes candidate Gene (T-HOD) dambase report 553 identified
genes o be associated with TIDM so far. The Genome-wide
Associated Smadies (GWAS) conducted on South Asian
populaton fmmd six powvel s 5 by single nucleotide po-
hymorphisms (SMPs) near GEEI4, STOGALL. VPSI6A,
HMG20A, AP3S2 and HWF4A genes [15], apart from the
commonly associated genes of T2DM soch as PRARCG,

Frjaypaimmar it al

TCFTL2, FTO and CDEN24 [16]. In a muliistage meta-
amalysis. 3 novel susceptibility locus at 13q12 in the SGCG
zenge which is associated with T2DM susceptbility was iden-

tified in the Punjahi Sikhs from India [14] and another study
reparted ome more pew susceptibility locus at 2921 in the
TMEMI1 43 zena[17].

Epigenetics iz an inheritable phenomenon affecting ge-
nefic expression without any changes at the gene sequence
levels. The epipenetic changes observed in TIDM are often
attributed to the milfey mnerior of the foetus before birth or
due o muritonal siressors moearly 1ife [18, 19]. South Asian
Women in general are at increased risk of gestational diabe-
s m&]hnls (GDM) which might be a possible contributer
for the modifications ebserved m South Asians
[20]. Similarly, low birth weieht and exposure i under no-
mmiton mside the ubems are commen m India, where 30%
infants are born andsrweizht [, 19]. Festal undsr muriton
(ie. bow birth weight infanf) as well as over- ouimiton {&.g.
infant of a mother with diabetes) are known risk factors con-
iributing fo the risk of dizbetes for the mfant in forare [15].

1.2, Age

Age is another non-modifiable risk factor of T2DM 4
Marional Survey conducted in Indis reporfed the aze of anset
of diabetzs m 34.1% cases o be 30 vears [21]. The findings
comelate well with the lensiudinal srudy conducted i Can-
ada on diabetzs meidence, which repored that the median
age of diagnesiz of T2DM was lowest amongst South Asians
{49 years) when compared to Afro-Caribbean (57 years) and
Cancasian populaiion (38 years) [23].

1.3, Modifiable Bitk Factors

Erwironment plays a vifal role in uncovering the lat=nt
genetic predisposition to diabetes. In the U5, the prevalence
of disbetes increased from 9.8% in 1988-1094 o 124% in
2011-12 [23). This dramaric increase in diabetes prevalence
in a span of around 30 vears could oot be ammibuted to sud-
den pemefic mutatons. Bapid mersase in levels of urbanisa-
ton manslaimg groszly fo conourent shifis o techoology,
infrastruchae and mcreased use of anomobiles leading to
decreased physical activity. and unhealthy dist and affiliated
factors such as mecreased psycholomical siess, depression
and short sleeping hours are fow of the other conimibuiing
factors associated with metbolic syndrome and TIDM in

the A sian populaton.
1.4. Physical Inactivity

Physical exercise and leisure time physical activity help
overcome insulin resistance and im; cardio metabolic
prafile, and are associated with 25-40%: risk reducton in
TIDM [24]. In spite of wide spread knowledze and aware-
ness regardmg the benefits of physical activity, mary are stll
less actve. Ompe of the epidemiclogical smdies from India
reporied that only 24.1% individoal: are physically actve
and exercise 150 min‘week [15]. South Asians have siznifi-
canily lesser physical activiry when compared to ther Cau-
casim coumterparts [24]. Data from health sorvey in the TE
reporied that, the lewvels of physical actvity and fimess of
Souath Asians were 50-75% lower than White Caucasians
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26]. Despite average carbohydrate ke remaining the
same ameng Indian population in the last two decades, the
prevalence of diabetes moe=ased drastically from 8% (1980)
to 16% (2004), which might possibly be due to the decrease
m physical activity [27].

15 et

Cret play: a significant role in mffnencinz msulin regis-
tance and diabetes. Fefined zmains are directly asseciated
with increased msk of diabetes (Odds moe (OF) 53) whils
dietary fibre is mversaly relased (OF. 0.31) [28]. When com-
pared with mpalizhed brown rice, white pnlﬁhad Tice Com-
fain: lesser dietary fibre and fewer witamins and minerals,
which are potentially protective against T2DM. Moreovear,
the hizh glycaemic index of white rice is associafed with
mereased insulin resismnce [29]). An interssting observation
was made in a study where the subjects with higher intake of
rice had lower body mass index (EMI) than those with lesser
mtake of rice, however, the risk of diabetes was higher in the
higher rice intake group. Deduction is that the high rice -
fake inmreases the risk of TXDM through a mechanism which
&= indspendent of weight gain [30]. Thiz pains significance
especially considermg that cereals such as Rice and Wheat
are the main s@ple food for the South Asian conmumity,
providing 60-707% of the total energy intake [17].

In additon to carbobydrates, dietary fats are also srongly
mplicated to insulin resistance. Habiual infke of dietary
fats &= directly properional to moreased insulin resisfance,
and studies show the adverse association of samrated fars
with insulin sensitiwity, independent of BMI [12]. Vegetable
ghee, swch az Dgida — a clarified barter which is being com-
monty uzed for copking in India — contains a wery high com-
cenfration of approximately 507 of rans faity acids, which
are associated with weight gam, increased cardio metabolic
ik and maulin resistance [31].

1. Smoldng

Approsmmately 30-60% of adult males in developing
conmiries are regular smokers [32]. Smeking 5 associabed
with #4% increased risk of developinz diabetes [33] and
Indians are the second largest producers and consumers of
Cigarettes in the World, next only to China [34] Severl
hiological mechanisms explain the association between
smoking and TIDM Amung individoals with nommal BMI,
smeakers are mare bkely to have abdominal abesity [35] and
thus increased risk of insulin resistance and TADM Smeking
decreases oestrogen i women and plasma testosterone m
men which funther worsens insuln resistance, especially m
men [36]. Animal modsls have shown that nicoime expo-
sure, particularly in necnatal or prematal stage, can lead to -
cell dy=finciion and §-cell apopinsis [34, 37].

17, Secioeconomic Statns, Social and Cuoltural Beliefs

Drabetes is not considered as a disease of the west or dis-
eaze of the rich any mors. Abundant lieraurs iz availabls
explaining the contributions of socioeconomic stans such as
limimtions in access o care, low or lack of msurance and
other seciceconomic barmiers ingeasing the barden of diabe-
t2s and its complications. Difference in socieconomic s@ms

Curremt Dhabetes Ry, J1T, Val 12,35 8 3

seems 10 influence diabetes differently in different countries.
In developed counmies, diabetes prevalence is significantly
higher in the lowest socioeconomic groups, whereas in de-
veloping coumiries like India, simoation is reverse with more
diabetics io the hizher socieconomic soata. This could be
becauss in developing counmiss, people m the lower socio-
economic sectors are belisved to still contiue with a more
traditional lifestyle soch as consumption of unrefined Frains,
walking as a prmary mode of Tansport, physical labor, etc.
protecting them from the risk facters associated with T2DM
[3E].

South Asian Women commonly expressed many cultaral
barriers towards regular phyysical activity. Few of the bamiers
worth mentening are the modesty issuss whils doing exer-
cise In 3 mined-gender group, uncomforable o wear madi-
tbonal dresses while doms exerciss, viewing exercise as oul-
nurally mappropmate and also religions beliefs. Men on the
other hand, are mfhienced by the culmoal belisf that work
should be miven poonty over spending time for exercise to
maintain health [39, 0.

Beliefs and amdmdes conld be possible coniiuting fac-
tors. A sudy on the South Asian immizTants in US reparted
most of the Immigrants to possess the knowledge that they
are at an increased risk of developing TIDM. However,
they atirimated the mcreased risk io the external factors
such a5 gemstics, siress, fatalistc beliefs, citing destdmy,
‘Exrma’ or "God’s will' as more likely reasoms for their
inreazed risk. Fesistance was observed with regard fo
cooking practices, as reducing the amount of ghee or oil
was belisved to leave the food tasteless and could even he
shameful [41]. A qualitative study on Bangladeshi mmms-
zrants observed that, both men and women atrintzd larger
body size as ‘more healthy”. Refined sugar, beef, ghee
solid fat and spices were considered as “stromg” foods by
the smdy participants, while raw foods were considered as

‘indizestible’. Interestingly, physical exercize was balisved
to potentially exacerbate illness or physical weakpess by
participants of the smdy [42].

3. IMPLICATIONS FOR DIABETES PEEVENTION
AND AMANAGEMENT

Healih educaton is not mersly a matter of determmimz
‘deficiencies’ m knowladze and meeting those deficienciss
wiih edocational materials such as leaflets, teacking sems-
mars, or meass media programs [43]. mstead, educaters should
consider the differences m mdividuality and ethnicity, while
wving to omb the ampant prevalence of T2DM among
South Asians, Multple misk faciors are associaed with
TIDM m South Asian popolaton and most of thess n=k fac-
tors are complicatedly mterlinked. Altheuszh exercize is pro-
mated in poblic health campaipns to merease overall phys-
cal activity levels, it is important to understand various so-
cio-economic and colfural barrers associated with it m dif-
ferent populations. in order to deliver effective phyzical ac-
ity misrventions [44]. Few of the sociosconomic bamiers
faced by Seuth Asian Women, 35 mentionad above. inchnde
wearing ‘western’ exercisa clothing, expectation to remain in
the home and lack of same gender vemies io exercize. To
overcom: this dispanty in bealth, a more qulturally appoopn-
ate physical activity of the commumity, for insfance Yoga,
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which has shown a higher adherence rate than exercise [43],
might be a mare acceptable form of physical activity for the
partirular ethnic group. Farther, the holistic effect of yoga on
body and mind woold help not enly to de-stress, but also
provide befter glycaemic contel [46, 47, 48], overcoms m-
solin resistance. reduced inflammaton and exadative soess,
mproved lipid profile, copniton and Cuality of Life [£9,
30]. Similarly, disbeies awarensss and incorporation of
phivzical activiry claszes at the place of worship could also be
a possible siratezy to mprove physical activity [31]. Diabe-
23 aducation at the place of worship throuzh a “promerter’
speaking the same langaage would be a culurally conpatent
mmrammmraiuceﬂlehea.hhmm for ethnic mineri-
des [32. 53, 34]. A study on Bangladeshi population alzo
reported that they had higher repards for oml imformation
from informal sources like friends, relatives and patiemiz
with diabetes [41], than formal lectures and leaflet mforma-
don. The place of worship is reporied o be the best place tw
chanze the attitodes and belisfs of the ethnic roup towards
diahetes, because relisions leaders are pememlly seem as a
mosted source of information and a sndy reported that the
Bangladeshi religions leaders unanimously agresd that to
reject the importance of selfcare and statng diabetes as
“od’s will” &5 a complete misinterpretation of the religious
reaching and mmst be addressed through relipions educaton
[#5]. Deabetes prevention is as equally important as the dia-
befes manapement, as South Asians develep TIDM at a
vounger age when comparsd fo their Cancasian counterparts.
Inadequate physical activity observed m Soudth Asians [24,
32, 44, 51] could be rectified by improving physical acowviry
at schoals, colleges and also workplace wellness [37]). Simid-
larly, simple distary modificadions such as mereasmg regalar
fruits and wegefable consumption, which is gemerally ob-
sarved o be lesser i South Astans [2, 22] which would also
belp prevemt TIDM [57]. Early soeeming for T2DM ar
mmpaired ghicose tolerance & of uimost importance. Father
than resmicting the screening process to hospital sefiings,
exfending the semvice: to residential loradens, offices,
educational ipsdrotions, places of worship, parks,
Comunity cenfers and siresf comers are found to be mare
effective ways of early screeming i both immigrant and the
mative population [30, 6]

CONCLUSION

Criabtes preveniion and management programs are to be
tailor-made for the particular ethoic proup rather than merely
providing knowledze about TIDM and i rizk factors. Ewvi-
demces clearly suzpest that they do possess knowledgze about
the condition; bowewer, the observed ethnic disparities are
more aften due fo their belisfs and aminde towards the con-
dition thao lack of kpowlsdge. Interplay of genetic predispo-
sition and envirenmental wiggers is the pessible conmibwior:
for the development of type 2 diabefes m South Asian Etmic
population. most of which are modifiable Early identfica-
ton of the nzk fartors and appropriate culmre specific inter-
vention would probably help reduce the health disparity n
South Asianz. A holistic and comprebensive lifestyle modifi-
cation smateEy, considering all the abowe mentoned facts
would help not only in effective management, but also in
prevention of TIDA.
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Moving beyond HbA1c¢ and plasma glucose levels to
understand glycemic status in type 2 diabetes mellitus

The glycemic stz of patents with type 2 diabeles
meelhitus (T2 ) is widely assessed using HhAlc. The
fellentric modd presupposes  that all diabetes,
indudimg TZDM, orginates from & oommem denomina-
tar, the abnormal pancreatic feaell, and insulin ness-
tance may ™o necessarily be the primary defect.

A bilkyearsold women had been dingnosed with
TZDM at 56 yeurs of zpe and was on matformin 500 mg
amice daily for 4 yaam. The patient was miemested m par-
ticipating in an ongoing nesearch project amd poovided
informed comment prior to inchusion i the study. As part
of the sarening process, Bstng plesma glucme (FPG),
postprandial plasma gluoose (FPG), HbA 1o, amd fasting
msulin (FIMS) leves wemre messured in MMay 2017
Homeostads maonde] assessment of msuln resistanoe
{HOM A-TR. ) and homisnstztic made] 2 mesmment of fecd]
finction {FOMA-f) were caloulbed from FPG meid L)
and fasting msuhn (ITmL)as follws:

FIONLA = TR = FPO « FING (405
HOMA = B5) = [360x FINS/FPG - 63 ) 100 %

A continuwous gluooe mmitoring  (OGM) sensor
{Freestyle Libre Pro Flash Blood Gluooee Manitoring
SEMSOR ; Abbaott, Owon, UTK) was abo used to capiune
intraday vamahility in Bood glucose leves.

Althaugh FPG (862 medL) PPG (1365 mekdL)y
and HhAlz (7.0046) levels wene within the recommendedl
tarpet range,” three interesting observations wers made:
(i CGM showed elevated phumse levels throughat the
day (avermps 202 mghidL) ewcept around moming
brauldast hours, when the patient's FPG amd FPCG rasd
mgs were gemerally messured; {G) FOMASf showed
33,250 fl-cell dysfunation with 2 narmal HOMA-IR of
0915 amd (@i the patient had low FINS kwek
{3 pIlfml).

G i peesrchinfvoi

"o | Wi ki, DRdsion o Yioada and L Soances,
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It & quite imerestmg how the patent’s slevated gu
ome kvels were nodt meflected I the moagme HbAlc
screening. The apphcation and dfidency of HhAlc 25 a
solitary messune fir the asesment of ghyosmac control
s widdy debated * Variations in HbAlc among different
ethnic graps have alko been neporied * Thess repons
sugpest that memsmament of baseline HbhAlc levels
alone may not always provide a clear picture of the ghe
camic stzhes of an individuzsl* Although no glyeemic
varizhility was oh=served in the patient, freell dyshimction
and low FIM S levels wene evident. The oml hy pogl yoe
mac agent {{HA) metformin coulkl have redueed hepatic
ghioose production, rsulting m reduced FPOG and PPG
level. However, fiecell dysfunction and mesubing low
FINS levels in the pedient wens not affedti vely contnolled
with the curment A, and this might necesfiate the mi-
tiztion of a second -lne med g tim.

A focell-ceniric approach pus forth fecell dysfinc
tion 25 the primary defect in TZDM, which & not nees-
sarily precealed by msulin resstanoe, becume fecell
dysfimction oomrs even befome the diagnosis of overt
dizhetes or insuln resistance Therefore, the most
favomed imitial thermpy of metformin m T2DM may nat
he a mustzble option for al]l patients, herause fecell dys-
fimiction could also he a major playerin the pathophys-
ology of TZDM, as in the present patient Simdlarly,
HhAlc or plema ghonse levels may smply neflact total
ghiomwe leves in the Hood amd may not necssamly
accuraely reflect the glyoemic stutus of 2 patient.

D¥isc osums
Tone dechmed .
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Potential Role of Yoga in Management of the Ominous Octet:
Adding a New Facet to Type 2 Diabetes Management and
Prevention
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Cohal e i the prevaloncs of dishetes placss 2 bmes ecomomic mden wpom health syriums dng o cows of monasemont. gepecialhy n those
wid cormarbi dities. Eptdeediological stadien show [Seatyls imtenvantions to be cost-Sacths n fpe 1 diabetes provantion and managergs:.

Emrcize is a major component in thass Efestyle erventioes. Howsnwr, exercse is conmamdicaied n advenced complications of dnbetes
mch as profiferathe retinopatiny and also ks moreased sk of ypoghyraamis. Yogs is a form of Jow-to-modiorie imensty ployuical actecry,
e & 3 widdhy practived form of complemantary tharapy ix the pees pamant of werions moedical conditons, It is also beliswd to ba a
52 amd post-effective mods of ployuical acthvity m the primery and secondary prevention of type 2 diabetes. The ‘ooinees ocet’ modal of

and *potential’ mle of yom in o gerent of S omimos, obet.

keywonds: Manageront, poechmism, ominoms oowt, type 2 dabets mellim: yom

InTRODUCTION

Tha prevalence and incidencs of disbetes mallims it mcrsasing
worldwide at an alarmeing pace. The sumber of adults with
diabatus was 194 million m 2008 and was predicied to reach
333 milliem by 2025."" But already. 2n sctimated 425 million
adults have diabetes and another 332.] millicn adults have
impaired ghicoss tolemmcs (IGT). A

Cr kzowledge and understanding of the pathophviiclegy
of type 2 diabetes mellims (TIDM) is sver axpanding The
two common pathophyaological ahnomealities chesrred n
TZDM are insulin mesistance and impedred frcell fanction.
Tha pathopkysiclogy e T2DM is believed to commencs with
insulin resivtamce, which leads to ghecotoxicity and decreased
froell function ' Howsver, according to the “Froell cemiric’
approach ™! Bcall dyufinction is the primary defect in TIDM
which in term Jeads to inmlin mistmce. Apart from mmin
mesisance (o mmscles and liver) and f-cell dysfonction, the
“omnimoas octet” model of DeFronze™ redirs to the mvoh-smeat

Wikdm:
i prEmals B ber kg o

fini
10 e jad 8 1N

of braim, adipose tissee, gastodntesinal hormones, kidney and
a-calls in the pathophydology of TIDM and czaphasises the
nead for a omitipls dmyg combination o rectify the undarlying
pathophyriclogical defects and not simply aim atredncing the
HRAIL levals.

A mecent wystematic review demonstrated that Lifestyle
imisrrentions ars betier atredncing the incidence of TIDM than
wrzal medical came in populations across different ethnirities
and cubfures. ! Lifsstyle mtarventions are also effective in
secondary provention of dishetes an shown in the Dia Cjing
smity, whar participants in the Hfestyle gronp had a 47%
lower msk of diabetic retinopathy at 20-year follew-up.'™!
Cigtary modifications and emercive moommendations am the

4, Cosran Smith Resd, Gapalaperam, Csenml - GO0 DEE,

Tamil Radu, Inds.
E-mal 3L
This e 5a 2pes Ry fowarral, el i Sirieras] urader tha-1 af th: Crawss

Corrimca s Ao Mo iomamesre bé Sharehlie 4 D L csms, atich 5 loe oohies m
rernds . revsl, red b lld upea the sk ooz merc iy, & ong @ spperarins credk
It giwen ang thes new creadoan s kesmiesd undes the: Eeato smmiL

Far g nis conme: reprinoll resdlorare oo

Horw i chiw thinartick: ¥ipnakumes ¥, Mt B, Ragoras N, Heesh
wmh—ﬂ-uwﬁfnnmfﬂh
orenown poist: Adding & mew foet i fype 1 disbeics mensgement and
preesstion. | Diabeiol 300 #2300 300-300
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conventional lifestyle mterreations recommandsd for the
prevention and menagement of TZDM. Increase in moderats
phyzical actvity is associated with multipls bemefits snch
s, improved msnbin senzitivity, better glycemic control,
meduced body mass index, improvement i lipid profile and
oiber msk factom ausociated with dizbetes such as obesity
and brypertension = Howesr, physical sxercise may need
to be dome with cawtion in patients with mereased risk of
cardicvascalar svents and comorbidities associated wit
microvascilar and macrovascular complications such as
dishetic newropathy and proliferative retimopathy, which
conld worssn with intensive exercise progams. ' Altheagh
the beneficial sffects of physical activity ars well sstzblizhed,
adherance rate mmains poor, a5 patisnts seem oot to engage
in regnlar physical actvities for differsat rezsons = There
is growing inerest in altermetieg and bolivtic models to T2DM
managemsnt which could possthly Improve adbsarence.
Yoga is 2 mind'body practize based ca taditonal Indian
philosophy. depicting the ideal way of Lfe and is more than
just a physical activity.' In terma of enargy sxpendifure,
it in similar to mild-fo-pvoderate intemsity sxercise.'! In
addition to the plysical meovements fraenas), voga commoanhy
imralves multple other componsats such as controlled
Tespiratica {ranaeama), relaxation and eeditrton fdfyane).
Many vndic: am emarging on the bansiits of voga in vartons
diszases.'"' Findings from sxtensive smdies sugzest yoga fo
harve praliiple bemefits i the stopathogenesis of TZDM and
associated comsplications such as improved ghycemic contmal,
lipid prodile, iexproved cogmition, nerve conducton velocdty,
wadght loss, meduced inflammation, '™ ¥ oxidatve soess.™ and
cardicvascular nsk factors in TIDM patents ' Comparative
sindies oo yOEA TRrHLE RETCise sgEest that voga s as effectre
if not superior to pirysical exercise in health-related cutcoms
measures such a5 blood glacose, bpidk, malivary cortisel and
oxidathee stess which are of greater significance in Se primary
and secondary prevention of T2DM, with additiczal benefits
of improving smbjsctve mezures such as fatiges, sleap, pain
and quality of lifo (Qpol.) e =

Tha rels of physical exercise 2s 2 part of the lifestyls
infervention In the preventon and managsment of diabetes
is wall establisked Y The cwrent namtve review miows at
sxploring the “ominous cchet’ imvobred in the sbopathopemasds
of TIDM and the potential role of yoga In commecting thess
pathological defects for an sffective pricary and secondary
preventicn of T2DM [Figure 1].

Yoz Manacement oF THE Omamous Octer

B-cell dyzfunction

The defects in f-cell dysfunction primarily invelve thres
comaponents. First, the secretion timing disorder, whem thers
is 2 mdncton in the inithl acete phase mmlxn edease (ATR).
Amtopossic narvom sysiem i atribured for =70 of the ATR 1+
ATR. 1 ganaralir shelitsed B ragsmmy i ey @ and B amopiss
in hurans™! which is seggestve of the pivetal role of vagal

(P . Hpaic =4 LY pphide i
AR e v by, sl

Figure 1z Pattraays nveted in the yopic marapement of typs 2 diabetes

melis

acthvity AR, Second & the quantitative diserdar, in which tham
is an ncreass of decrease in the second phase immlin rlease.
Third, the qualitsitrs disorder, in which there & an mcrease =
the proimsnlin-po-insalin ratic.!™ An incresns in the amomt of
proixnlin in circelation, which is attibuted to the upained
clermags capacity of the froalls, is cleansed muspectve of the
diabotes dematicn, suggesting that Bcall dysfincticn need not
necessarnly ooour afer msulin meistance and might possbly
preceds the omset of clinically owart T

Pationts with TZDM have higher lovels of cxidative stress.
Subils eoreases @ the physiolegical concemtration of the
mactive oxygen species (ROS5) might mimic a zmmber
of imsnlin-like effects. including increase in glocose
mamporters (GLUT) manslocation, Lipogenesis, decreased
Lipolysis, ™! and an increass in the glecose-stimmiated insulin
racretion. | = Howeves, chropic oxidsrve viress and froe adical
darags obsarved in T2DM plays an Impestant role in inducing
fcell dysfunction, as B-cells posssss limited defonce xzainst
sxcess KOS production dus to bow levels o f ROS-detoxifying
snrymes M Increese in oxidative stress leads to decrsased
transcription of the insalin gens by decrsazing PDX] and
Maf bindimg “**** Eimilarly, proteiz pxisfelding and resaitant
ER siress in the buman f-calls & 2 major pathophysiclogical
wvent in TIDA widch s alse sesociated with cxidatsre stress

Yoga stadies showed 2 mdection in coddatvg siess and imcreased
anti-oxidant defencs, by improving superoxide dizmmiass,
glutathions, malondialdehyde, Vitamin C and Vitamin E
proéle "=l yaminchufic acid {FABA) induces membrane
depolarisaton and prolfuaton in @-rellz, and thes moeees
imsulin secretion ¥ 4 stdy comparing the effects of yogu
with walking, fomnd yoga to improwe GABA level betier than
walking # Yoga mdnces sympathetic activation and enhances
parasympathetic activity thromgh divect stimulation of the
vagus narve. = The positive impact of yoga oo the aitmomic
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v syatem wonld poibby help evercome mevalin secretion.
timuing disorder as well With imeproved antoxidant dafemca,
=ABA secretion and aetonorsic balanes, voga appean to kave
tha patential to play omltSple robes in presanving frcell fenction
mociated with TIDM and metabolic syndrome.

Imzulin rezistance

Sloaletal muscle i one of the major sites for disposal of ingested
glucoss in healthy individnals with normal ghicose tolanmcs.
Poatpramdial lyperghyrasmia indoces iwulin secretion and the
resuliant increass in plasma wnlin concentation sinmixes
Ehncoes upake in deeleta] mescles " Meanwhile, ghicoss aptaie
into skeletal muscles is stmulamd throngh inselin-indepandsmt
meckanizms a5 well, tat ars activated by muscle contractions,
bypoxia and nitvic oxids, all of which am shown to mcrsase
membrane translocation of ghecoss transpostar 4 (ELUT 4). =
Iz the insulin-resistant s@te (o.g., I TIDM and membelic
wyndroms), the invalin-dopendent ghacoes disposal = skalatal
sl is markedby Fmpaired: ™ hoswver, the capacity for the
insaliz-independant Adencsing §'-monophosphate-actvated
protein kizass (AMPE-mediated ghicose uptake is «tll intact
in the mmscle calls of pafient with T2 1

Yoga —azames and praveremm have shown to improve msulin
sanzitivity i TIDM " Insulin sensitivity is found to be
sigmificantly highar in regnlar practitioners of yoga™ The
ohsarved increrss in ghicoss sensitivity could be atributed 1o
the posadble activation of AMPE through muscle contractions
imvobved dering yoga postmes. ™

Adipoge lizzee and imflammation

Increass in the pro-infammatory markers and decreass in
the anti-inflansmatory maskers ame often chesrred m T2DM
and prediabates "' Adipocyies are now knowm to be the key
regelators of ghoecows homeostass. Adipoldnes play an ntegral
role in the stiopathogenesis of TIDM and modulation of
adipocytes could therefore be 2 meful thempentic sy
in T2DML.I

Eaducticn in the pro-inflameeatory markers such as tmer
necTouls factor o, interleukin-S, C-raactve proten (CRF) 2nd
high-cazitvity CEF, and incroase In the ant-infameatory
markers szch as adiponectin are comsistently meported
threugh vanous smdies co yoga ™! Adiponectn activates
AMP kinasg of bver 2nd tharsbry halp reduce bopatic ghicoss
production (HGP).™ Rols of adiponectin on improving
sndothelial nitric oxide synthetase (8X05) and resnltant
imcrease in endetholial aitric oxide produmction iz wall
srtahlished "' whick is benoficial in the prevention of
meropathy, cardiovascalar comp lications and improte delayed
wonnd healing in diabetes. A systematic neview on e effect of
smarcise on adiponectin states that medemate-mbensity smercise
programs have sigmificant impacton the adiponectin levels ™
This was ably supporied by a smdy which found regnlar yoga
Practise to increass adiponectin levels.

Brain

In 1634, the nownsd physiologist Clands Bemard ohearsed

that a lasion in the floor of fourth-carebral wentmicls conld
indnce disbetos and postnlated that braim plays a central mle
iz glicoss homecatasis and diabeten pathogenesis. The notion
remaingd popalar wp mil the discovery of immlin by Banting
and Besi @ 1921, and the identfication of lver, moscle and
adiposs tissne as e principal target cogans of msufin oo ghcowe
metabolism ™ Furthermore, a strong evelntionary bHnk is
ohbuerved betwesn nsurons and the nsulin-producing froalls n
wariows azimals /423 Eyen in higher animals, the bypothalamms
sansgs blocd ghcose levels, = a sindlar way as the Breells

The available literature clearly suggests a high degree of
association betwesa b and ghicose metabolism. Them are
mamy ghicoss-sensing meerons in the brin, particulardy in
which helps & systemic ghoose homgostasis " Injecting
smmadlar deass of ghicose orinsulin tms those disoretes ansas of e
brain cam Jower blood ghacoss levals and imcreass Hrer iwmlin
sansitity, independent of the amomt of insmlinin cireebibon (<1
Administration of luptn indo the thivd ventricls raveraes mulin
reiistance and diabetes phenotypes in lipodysophic mowss
at doses too bow fo have any effect outside the brain and i
meffective otherwise when admimistered peripherally ™!
Comversaly, delstion of recepton for sither insalin or leptin from
cartain specific kypothalamic nenrons canses systemic ivulin
resistance and ghicow mioleance, mdicatng the phosiclegical
rols of thewe Dearons om systemic ghicose metabolism. el
brain-destved neuremephic facer (BOMNE) prevents apopiosis
and presarves insulin-seoeting capacity of Proells. " Smailarly,
sarotomin in alie meperted to increase f-cell proliferation ™
Some yoga smdis have reported mxprovement in the BDNE
and sarotenin lovels folloarme practhe of yoga.”"' - Comvarualy,
divmrbancas in the glecows matabolise alio affuct the bram.
HbALC of mors than T increases the ritk of developing pxild
cognitive imypaimment by 4-fold 0 TZDM is associated with
a 1.3-2.5-fold imcroased risk of cogmitive dysfamction ™
A cognitive decling is observed very sarly, during IGT and
ewtabolic syndroms. "™ 1

Bromocriptine is a sympatholytic D2 -dopaming agomist
approved for wee s antibyperglycemic medication”™ The
mxechanizm of actica ef which is attribeted to itz dopaminergic
actiwity i the hrein and sebsequent inhitdton of sympathetc
tong, thematy imvproving both insulin release azd insulin
sensittvity. 4 Yoga, = addifics to rednction in the sympathetc
tone and imcTede in parasympathetic tone, kas alsc shown
to mereass dopaming levels ™! A landmark smdy = yoga
demzonstrated that meditation facilitates cortical plasticity,
and regelar practitionars of meditation are obiarved fo have
imcroased cortical thickmicas, aspacialby in amas associated with
SOmatosensOTy, cogaitve amd smotonal processing = An
improvenvent in cogmitive brain fonctions of TIOM patients
in also obwerved with regnlar yoga practise. '™ Fusther smdies
om yoEa had shown increased gray matter in the linsbic system,
cerghral lobes and cenebalinns, invproved cersbral blood Aow
and activation of midbrain clows to the hypothalamus ™ Yoga,
thms might play an imvpostant rols in enbemcing the hrain
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megulated ghncoss bomeostaiis mechanism, possibly through
Iypeothalamic—pitaitary—admmal axis and potentially mprove
cognitive dysfunction associated with TIDM, albeit, more
stadies are required.

Glucagan

Elenvated ghicagom lewels and byperfunction of c-oells wem
demonsirated in ndividnals with TZOM in 1970, Indeed, the
imporiance of crcells in dizbetes was obsarved way back n
1947, whan Rodnqear-Candals repoated that allexan-induced
disbetes of dogs conld be amaliceated by removal of pancmeatic
o-call repmmans ™ A meore recant sy with an animal modal
demnoms rated that, even in complets msulin deficiency, blocking
of ghizagon action conld possibly provest the matabolic
and clinical derangements seem @ type 1 dizbetic mice,™
highlighting the importance of glecagon suppmssion in the
pathoganasis of diabetes. Elnated fasting plasma ghicagon
lovels kead oo increass in the HEPY and decreased insulin
Wity in aninal models. ™! Similaty, the capacity of the Ivar
to synihesise trighrarides {which mdependanthy canses insutin
mesistamcs) is enhanced deming streas which s partly doe to the
action of ghicagon thoough the cyclic adenosng monophesplate
pathwray ™ GABA indwrss mumbmans bypepolanisation in
o-calls, reanlting i suppression of glocagon secwtion,™ and
a muntozed sarkisn, yoga improves GABA Jevels ™!

Glucagan-like peplide-1

Clucagom-like peptide-1 (GLP-1) is a potent ncretin hormona,
acting more ke 3 “master switch’ in ghacose metabolim by
oparating through multipls padwvays sech & oeeed glucoss
uptaks of mmscle and Hver, inkibiting glucagon secretion,
whils: promoting insulin and somatostatin secreton and
delayed gasinic sooptying'™ The gune sxceding the GLP-1,
the proglncagon gene kos thres knows stes of sxpression,
namaly, s-calls, L cells of the large intestine and the macleas
tracins solitades in the hindbrain, which is the ouchus of
vagns mervs 25 well ™ The role of vagus in the mgalation of
GLP-1 secetionhas besn clearty damsonstrasd in animal modal.
Bilatural sebdiaphmagmatic vagotomy in conjunction with gt
tremsection and selective bepatic brmch vageiomy complately
atiolishes the fat-induced and sxogenous SIP-indeced GLP-1
malsass, respectivaly, while stimalation of the distal end of the
taliac branch o f the mbdiaphragmatic vagus nere significanthy
increasss the reloass of GLP-1.™ GLP-1 mnhibits gastric
szaptying and acts throngh the vagal affrent-reediated cantral
muchanizm, =l which could positively be influenced by yoga
dne fo its known property of vagal activation. However, thisis
purely speculative based ox the knewn effects of yom on the
autonomic nervows system and robest stedies are needed fo
sutablith the Impact of voga specifically oa GLP-1 secretion.
Liver

Tha Liver is the major crgan of glucoie metabolism and HEP
and the main source of fasting hypemglycaumia, coniibuting
to apprommataly B0% of dvermal hyparghycands in TIDA ™
An increase in the circalating bloed glucoss lewels mlsases
imsulin and imbibit HGP, buot this negative feedback is

dysfanctional in TXDM. Increased fux of froe Sty acids to
Liver and acoumulation of liver fat are the major determinants
of this decrsased semsitivity of sndegemons HGP to insutin 1
Glucagon, ™ comtral outriant and hormene-sensing in the
h'l.]:-:'lha.l.imu.. together plays a central role in regelatng
paripharal ghucoss bomeostasiy and medixte in the redurton
of &GP through vagal nerve affareat signaling to the ver. ™

Variows meta-amalysis and systematic reviews on the effect of
yoxz co T2DM censistently report a higher reduction in the
FPG (fasting plasma ghocose) levels, than FRG (post-prandial
plasma ghicose) levels, which seggests a reduction i the
HEP.Im Althongh the effect of yoga on HGP has not
bean measured directly so far. one could speculate that the
aforementioned positive tmpact of voga on glucages and
adipeaectin wonld have an influence in reducing the HGP
An improvement in the lipid profile throngh yoga is atmbuted
to the mcmeased hepatic lipase activity, which affects the
Lpoprotedn metzbolise and increases wpiake of mghyoanides
by adiposs daame ™!

Glucoze reabzorphion

The kidnoy plays an important role in reguisting glucowe
homeostasis. The nbhibition of renal gheooue ruabsorption is
oze of the novel and efective strategies in the managemant of
TIDA ¥ f-call dysfuncton conld epregulate sodinme-ghncowe
cotramsporter 2 {$ELTY) protein in the kidney of patients with
TIDM. Both SGLTZ and ghcoss tansperer 2 (GLUTI)
ars expresied mors in the proximal comvobated fmbules cells
of TIDM patiaat: than in healthy individuals, sesulting
= alevated repal glecose uptake and forther womsning of
byperglycasmia ¥ Hypothalamic pro-opicmselanocortin
deficiency improves ghicoss tolemncs in mouse models,
by increasing glycownna and reduced sympethetic mervons
system (SM3) activity which is attributed to observed
ghycesnria and improved ghicoss tolsrance.'™ Likewisa,
the SME activify reducing property of yoga might alic balp
reidnce renal ghwoss resbsorpticn, facilitating improved
ghirose toleramcs and better glycamic conirel [Figers 2]. This
b obviowsly an area for fubure yoga essarch.

Otrer Prvsiowocicar ano Memasoue EFrects oF
Yoca

Tha hlood ghecoss bowering effect of yoga could be atmbuted
to the soutching and contaction movements often performed
during phyiical amm poshres in yoga, a5 mascle contraction
improeves ghcose st md mdoce blood ghcoss.
However, randomised controlled ials (RCT:) dons in the
past have found yoga to be s effectve if oot supesior to
phyvuical axercives® 3w amd the benefits are not jest restricted
to the physical moveswnts mvelved in yoga. For instanca,

Jogamidng “yogic deep”) &5 2 yogic techniqme which imvolves

complete body relaxation without amy physical movements.
A 3-moxth study sxploring the sfficacy of yoge nidre in
patists with TYDM fonnd a dgnificant rednction in the blood
ghucose evels when compared to the comime] group.'* The
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Figure 2 Summary of the hypothesizad role of oga in management of the "Omincus ochet’ defects of diabetes (Adapted from Defronz 2009)

stady indicated that the mdnction in blood ghacose might not
ooly be due to the physical movements imvolved but also
through a possibles educton in the stress homsones or des to
increased vagal activity ™ Deceesed vaga] tone comtribuins i
the sbopathogenesis of TZOM in multiples ways ™ Reduced
breathing rate increasss vagal activation and decreasss the
influence of sympathetic branch of the awtonomic Dervous
system, measured by an increass in heart rate vanability and
barorecaptor weasitivity ™" Somo smdies meport batieameent
of the complications asseciated with diabstes, e inproved
narve conduction valocity,™ cogmiticn, ™ and QoL /'™
Antonomic dysfinction associated with T2DM is repested to
e stzbilived folowing yoga. '™ “ITt i of interest thata couple
of stadies kave mporied a redoction in the medication score amd
insulin intake of TIDM patients, '™ suggesting a possibls
imsprovemant in froell dysfuncton, insulin resistance or amy
of the pathological ahnormalites in the above-mentioned
ominous octet, which was not chasrred with the contral group
tn exerciw-based Bfsstyls infervention " Thms, yoga shows
promising muights of becoming an afectve complementary
tharapy in the prevention and menagemeant of T2DML

(JusLmy oF STuDiEs

Methodological daws and bias are being reported in the
wystematic reviews of the past, omyoga stedies in patients with
disbetus. """ Unlika drag frisk, blinding might mot b posaihls
in yoga smdies, providing a very low scors whils 2ssessing
the available RCT for bixs. Bat still, kigh-quality RCTs,
taking into account of the bias n stody deddpn, selection bias
and peblication bizs are lacking and are very much essantal
to concretise the wvidence availsble oo the beneficial effect
of yoga in dizbetes. Meanwhils, the available svidence fom
ECTs and comparative smdies are in ling with the fndings of

nearandomised and wmcontrelled stadies, thus ndicatve that
the posdtive Endings observed with yoga are not simply dee
to poor siudy design alons.

Admittedly, thers are 2 few studies reporting yoga not fo be
banaficial 2 populary ‘claimed’, on vanous dimensions of
dishatus sach 2 ghroamic comingl,* mfameation ! and blood
prussure. "'l Looking intn the methodologios of thass stadies,
it was obaarved that the dunticn of yoga intervantion given
wias either once of twics a wesk, In comparison with the other
yoga trials whens the participants generally practie yoga thres
to fve tmes 2 wesk. Yogais more 2 way of ifs, to be practised
ideally wvery day for health and wull-being. Fren if comsidered
as justa form of physical acthdty, it should be practied 3 days
a weak to get the desired benafits.'™ Tharefors, yoga might
have 2 dose-dependeat affect on ghycamic comtrol in TXDM.
Fufeme stadies oo poga should be designed so as to remove
thebias i methodology and reporting, with the recommendied
duration or ‘desxge’ of thres to five tmes 2 week.

Gost-efiectiveness of yoga interventions

A cost-effactive and smstaimable mtervextion for the primary
and secondary prevention of diabetes would belp increse the
QoL diabates-Tes years of lifs, irsproved bife sxpecancy, and
o bop, cost savings, educing the sconomdc burden in growing
eocnony of many developing countries whens the provalunce
of TZDM &5 om the rise. Yoga would be coe such cost-affective
mtervemtion whaers the cost imrehed is 3 onetims mvesoment,
whare the patients leam yoga cnce under the direct supervizicn
of a muttably gmalified and sxperionced yoga profesdonal and
can practie cm their own afmr gettng wmficiant training.
Morecrar, the adbarancs rate of yoga is foend 1o be highar than
other forms of physical activity, making it 2 mome acceptable
and simpler form of physical activity for T2DRM.4
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Future DiRecTIONS

Few advantages of nsing voga as 2 form of physical activity
in T2DM are the relatneely low candiovasoular demands when
compared to other forms of exercizes. Low impact makss it an
easier and more simpler physical activiny to pracicse for people
who are conraindicative for exarcise. Unlike many “raditional’
therapies, yoga may be applicable to a larger population of
T2DMM patients as it appears fo be safe and mexpensive. 14114
The smength of most available research evidence on yoga
i=s modast and necessitates more robust research design and
unbiased reporting in the fomre. WNevertheless, the potental
role of yoga in the primary and secondary preventon of TXDA
is worth considering. Yoga could be a safe and cost-effectve
medality fo prevent and manaze T2DMI.
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Reviewer 1 comments:

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

2

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, | 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 | 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
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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 (Kaoistinen 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 o, 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 B- cells (Bathina, Srinivas & Das, 2016). Similarly,
serotonin is also reported to increase B-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. | 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. | 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.

Q. Possible that | 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 HbALC 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
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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 HbAL1C was (/is) a robust prognostic marker for T2DM
which could to be measured only after a 3 month period. As discussed in the thesis,

HbALC 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.

159




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.
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