- Original Article

The Impact of Yoga Intervention on Physical and Mental Health of Adults

with Type 2 Diabetes

Abstract

Aim: To assess the impact of a yoga intervention on the physical and mental health of adults with type 2
diabetes. Methods: This study was conducted at Madras Diabetes Research Foundation, Chennai,
for 6 months. Participants aged 1865 years, diagnosed with type 2 diabetes mellitus (T2DM), and
glycated hemoglobin (HbAlc) levels ranging from >7.0% to <10.5% were recruited. One hundred
and fifty-two participants were randomized in 1:1 ratio to either the intervention or control arm by
simple random method. The intervention included structured yoga practice for 35 min, every 2 weeks
for a period of 12 weeks, and followed up for 3 months. Participants in the control arm received the
standard care for diabetes. Sociodemographic data, anthropometric measurements, and blood samples
were collected at baseline and final visit. Standard questionnaires were administered for assessing
mental health parameters. Results: 53 of 76 (70%) participants from the intervention arm and 70 of
76 (92%) participants from the control arm completed the study. The mean age of the participants
was 53 + 7.5 years. The mean duration of diabetes of the participants was 10 + 6.9 years. HbAlc
showed reduction postintervention, but this was not statistically significant compared to control.
The intervention group showed statistically significant improvements in depression, stress, cognitive
function, and mindfulness compared to the control arm. Conclusion: Yoga is helpful in reducing
depression and stress and enhancing mindfulness and cognitive function in patients with T2DM.
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Introduction

Type 2 diabetes mellitus (T2DM) is a
chronic condition characterized primarily
by sustained high glucose levels. More than
537 million adults are affected worldwide
and is expected to increase to 783 million
by 2045.11 As per ICMR-INDIAB study,
approximately 101 million population are
currently living with diabetes in India, of
which 90%-95% are classified as type 2
diabetes.”

Diabetes not only affects the physical health
but also is associated with mental health
issues such as stress, depression, cognitive
issues, and an impact on quality of life.
The mental health issues such as depression
and cognitive problems are likely to have a
bidirectional relationship and thus warrant
an examination of its amelioration.’! The
fundamental management of diabetes is
maintaining good glycemic control. Life
style changes such as diet, physical activity
along with pharmacological treatment
alone are not sufficient for good glycemic
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control.>7 Lifestyle changes such as diet
and physical activity are at times difficult
to achieve and maintain.®® There is a need
to evaluate effective lifestyle strategies for
diabetes management like yoga apart from
diet, exercise, and medication. Yoga, an
ancient Indian practice with over 20 million
users, has been practiced in India for several
centuries and is a widely accepted lifestyle
approach for health and wellness.*!”

There are different forms of yoga practices.
Yoga incorporates body postures (asanas),
breathing techniques (pranayama), and
meditation, along with modification of
attitudes and behavior-enhancing mental
discipline. It has been reported that yoga
is beneficial in several lifestyle disorders
including diabetes.") Yoga as a mind—
body-oriented practice needs to be evaluated
for its psychological, cognitive impact in
addition to biochemical parameters among
type 2 diabetes to its application in diabetes
care and management.
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There are studies which have evaluated the yoga on type 2
diabetes have focused on glycemic control, quality of
life, and some biochemical parameters.'>!3 In addition to
adequate glycemic control, there are many psychological
issues that are likely to be present in type 2 diabetes which
can impact quality of life and long-term life health. Yoga
interventions have shown reduction in anxiety, stress,
salivary cortisol levels, and depression.[!4!”)

Yoga as mind-body-oriented practice has components of
self-awareness and present orientation which are likely to
enhance cognitive, quality, which can be applied in diabetic
care.l'®!

In addition to adequate management of glycemic parameters
and other biomarkers, the management of psychological
issues which have impact on disease course and quality of
life needs to be addressed.

Methods

This study was a prospective randomized clinical trial
conducted at a tertiary diabetes center, Chennai, from June
2018 to January 2021. The Institutional Ethics Committee
at Madras Diabetes Research Foundation approved the
study; Ethical Committee approval number - MDRF/
NCT/06-01/201, and eligible patients gave written
informed consent to enrollment. Participants aged between
18 and 65 years, with documented T2DM, and glycated
hemoglobin (HbAlc) levels ranging from >7.0% to <10.5%
were recruited in the study from a tertiary diabetes center
at Chennai.

Participants having type 1 diabetes mellitus characterized
by the absence of C-peptide, the presence of glutamic
acid  decarboxylase  autoantibodies, and insulin
dependence from the time of diagnosis were excluded
from the study. Participants with a serum creatinine
concentration >132.6 mmol/L (1.5 mg/dL) or liver
function impairment (alanine aminotransferase or aspartate
aminotransferase levels >2.5 times upper limit of normal
range) were excluded from the study. History of anemia or
hemoglobinopathy and/or hemoglobin <10 g/dL (<100 g/L)
for men and <9 g/dL (<90 g/L) for women, significant
alcohol, drug, or medication abuse, currently under
psychiatrist’s care using antipsychotic or mood stabilizers,
or having diagnosed with dementia or bipolar disorder
or schizophrenia were excluded from the study. Pregnant
or lactating women as well as those who had a recorded
cardiovascular disease incidence during the previous
12 months were excluded. Participants with kyphosis,
scoliosis, and musculoskeletal disorders were also excluded.

Participants were recruited from the outpatient department,
electronic database, and referrals from participants who
were part of clinical trials in the past. Potential patients who
fulfilled the inclusion and exclusion criteria were informed
about the study, and a copy of the informed consent was
given to the patient to discuss with their family members

68

and their family physician. After the willingness to
participate, written informed consent was obtained in their
well-known language. A sample of 76 participants in each
group was required for 90% power with 0=0.05 to detect
a 0.5% treatment difference in HbAlc in the intervention
arm. Hence, the total sample size for the study with 10%
dropout rate was estimated to be 152 participants.!'”

Assessment parameters

Sociodemographic information such as age, gender,
education status and marital status, and details of
anthropometric measures were collected at baseline

for the purpose of the study. The Chennai Urban Rural
Epidemiological Study!® scale was utilized to measure
socioeconomic status. The participants were residents of
Chennai. Thus the subjects recruited into the study were
naive to yoga practice. Anthropometry measurements such
as height, weight, and body mass index (BMI) were obtained
at baseline and final visit using standardized techniques.
BMI was calculated using the formula: Weight (kg)/Height
squared (m?). Pulse rate and systolic and diastolic blood
pressure were measured using a completely automated
device (electronic OMRON machine [Omron Corporation,
Tokyo, Japan]), and the measurement will be preceded by
at least 5 min of rest for the participant in a quiet setting.

The blood sample was collected at baseline and final
visit for assessing biochemical parameters fasting blood
sugar (FBS), postprandial blood sugar (PPBS), HbAlc,
serum cholesterol, serum triglycerides, low-density
lipoprotein (LDL), high-density lipoprotein (HDL), urea,
and creatinine. After an overnight fast of at least 8 h,
fasting blood sample was obtained.

A venous blood sample was drawn 90 min after
a standard South Indian breakfast for estimating
postprandial glucose values in individuals already known
to have diabetes status. The biochemical parameters
were evaluated by different methods.[') Plasma glucose
was measured by the hexokinase method on AU680
Analyzer (Beckman Coulter, USA) using kits supplied
by Roche Diagnostics (Mannheim, Germany). Serum
cholesterol (cholesterol oxidase-peroxidase-amidopyrine
method), serum triglycerides  (glycerol  phosphate
oxidase-peroxidase-amidopyrine  method), and HDL
cholesterol (direct method-polyethylene glycol-pretreated

enzymes) were measured using a  Hitachi-912
Autoanalyzer (Hitachi, Mannheim, Germany). LDL
cholesterol was calculated wusing the Friedewald

formula. HbAlc was estimated by high-pressure liquid
chromatography using the Variant machine (Bio-Rad Turbo
2.0 Hercules, CA., USA).

Standard questionnaires were used to assess mental health,
mindfulness, and cognitive function. The Patient Health
Questionnaire-9 (PHQ-9) is a 9-item questionnaire designed
to screen for depression in primary care and other medical
settings.?"
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Total score was calculated by summing up the numbers
of all the checked responses under each heading (not at
all = 0, several days = 1, more than half the days = 2,
and nearly every day = 3). A total PHQ-9 scores of “0-4”
indicates none to minimal depression, “5-9” indicates mild
depression, and “10-14” indicates moderate depression.
“15-19” indicates moderately severe depression and “20-—
277 indicates severe depression. The Perceived Stress
Scale (PSS) is a 10-item questionnaire to measure the level
of stress which is reported by the respondents themselves
by assessing thoughts and feelings during the previous
month.?Y The scores of the questions 4, 5, 7, and 8 were
reversed. The scores of each item were summed up to get
the total score.

The total score on the PSS can range from 0 to 40 with
higher scores indicating higher perceived stress. A total
PSS score of “0-13” indicates low stress, “14-26" indicates
moderate stress, and “27-40” indicates high perceived
stress. The trait Mindful Attention Awareness Scale is a
15-item scale developed to evaluate the differences in
the frequency of mindful states of each participant over a
period of time.??! The sum of the 15 items was computed
to obtain the score. Higher scores reflect higher levels of
dispositional mindfulness.

The Montreal Cognitive Assessment (MoCA) was
designed as a brief screening test for mild cognitive
impairment (MCI).”! It takes approximately 10 min
to complete. It evaluates visuospatial skills, attention,
language, abstract reasoning, delayed recall, executive
function, and orientation. The total score on the MoCA test
ranges from 0 to 30.

A total MoCA score >26 indicates normal cognition. A total
MoCA score of “18-25” indicates MCI, “10-17" indicates
moderate cognitive impairment, and <10 indicates severe
cognitive impairment. The Stroop Color and Word test is a
test in cognitive psychology.? This test measures response
inhibition, that is the ease with which an individual can
shift the perceptual set, suppressing a habitual response in
favor of changing demand or unusual one. The time taken
to read the words (of color words) and naming the colors
in which the word is printed (sometimes, color and word
do not match) and errors committed are noted.

The Stroop test generates three scores and an interference
score based on the number of items completed on each
page. Higher scores indicate better performance and less
interference with reading ability.

Randomization

Participants were randomized in 1:1 ratio to either the
intervention or control arm by simple random numbers. 300
participants were approached, of which 152 participants
were screened. The 152 participants were randomized
into intervention (n = 76) and control arm (n = 76). The
intervention included supervised yoga training for 35 min
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with various asanas and pranayama techniques [Table 1].
Control group received standard diabetic care and
management.?”!

Intervention component

Considering the age, first-time practitioner, the feasibility of
sustaining a practice, to enhance physical activation, to induce
a state of relaxation, and time availability to practice, specific
postures and Pranayama were selected. In addition, earlier
experience on the application of yoga for diabetes condition
was also used to structure the protocol for practice.>®!

Participants in the intervention group received yoga
training once in 2 weeks for 12 weeks. After 12 weeks
of intervention, the trained participants were followed
up once in a month for 3 months. The yoga session
began with 1-2 min of warm-up followed by 20 min
of asanas (Tadasana, Parsva Uttanasana, Trikonasana,
Apanasana, Jathara Parivrtti, Dvipada Pitham, and
Chakravakasana) and ended with a relaxation period which
involved pranayama technique. Pranayama technique
focused on alternate nostril breathing (Nadishodhana) and
cooling breathing techniques (Sitali) [Table 1].

To facilitate and guide home practice, participants were
given an audio recording (compact disc [CD]) of the
yoga instructions recorded by the yoga instructor, and
the participants were advised to practice as by per the
instructions in the CD. Regular yoga practice at home
was evaluated based on the dairy entries they produced.
Yoga practices were supervised as group sessions held
once in 2 weeks for 3 months. The yoga instructor
examined the dairy for the yoga practice adherence and
provided supervised practice. Thus, during the intervention
period, compliance was ensured by the yoga instructor.
Postintervention assessments were carried out by the
research associate at 3 months and 6 months from baseline.
Training session for yoga ( asanas and pranayama) was 35
minutes. The instruction was delivered to participants in
the intervention group once every 2 weeks for 3 months.

Outcome

Change in HbAlc level from baseline to end of 12 weeks
and 24 weeks was the primary outcome. Secondary
outcomes looked at the mean reduction in the depressive
symptoms, stress score, improvement in the cognitive level,
and mindfulness.

Statistical analysis

Statistical analysis was performed using IBM SPSS
software (Version 27.0, Chicago, IL, USA), STATA
(Version 15.1) (StataCorp. Stata Statistical Software:
Release 15. StataCorp LLC, College Station, TX, USA,
2017), and Python (Version 3.12.1. Python Software
foundation. (n.d.). Python programming language. Available
at https://www.python.org). Before analysis, the data were
checked for outliers and normality using the Kolmogorov—
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Smirnov and Shapiro—Wilk tests. Extreme values were
verified against hard copies of the data and corrected as
necessary. Continuous variables were summarized as means
and standard deviations, whereas categorical variables were
presented as frequencies and percentages. A paired f-test
was used to compare differences in continuous clinical,
biochemical, and outcome parameters from baseline to
6 months within both the intervention and control groups.

Difference-in-difference (DiD) analysis was employed
to evaluate the changes on outcomes such as depression,
cognitive function, stress, and mindfulness by comparing
changes over time between the intervention and control
groups. P <0.05 is considered as statically significant.*”

Results

152 participants were enrolled and randomized into the
study. The socioeconomic status of the study population

Table 1: Structured yoga program
Name of the asanas Number of times
Tadasana 4 Times (2 min)
6 at each side (3 min)
4 times alternatively with 4
breath stay last time (4 min)
6 repeat movement (4 min)

Parsva Uttanasana
Trikonasana

Apanasana and Jathara Parivrtti

was lower middle class, and their educational backgrounds
included primary school, high school, and graduates. Of
the 152 participants, 123 were retained in the follow-up at
6 months, which included 53 of 76 (70%) participants from
the intervention arm and 70 of 76 (92%) participants from
the control arm with a follow-up rate of 81%.

In addition, the intervention group showed a significant
reduction in depression (PHQ-9) and stress (PSS), as well
as improvements in mindfulness and cognitive function. The
results of this study are statistically significant (P < 0.05),
as confirmed by the DiD analysis, which shows that the
yoga intervention produced better results than the control
group. The study had a 19% (n = 29) dropout rate, and the
main reasons were change of residence and difficulty in
adhering to the yoga practice at home [Figure 1].

As shown in Table 2, the DiD analysis between the
intervention and control group did not show significant
differences in weight, BMI, blood pressure, HbAlc, and
lipids.

Table 3, illustrates participants in the intervention group
showed reduction in depression as well as in stress scores
compared to control group. Similarly, an enhancement of
mindfulness in yoga practitioners compared to the control
group was observed. The performance on cognitive subtests
of MOCA was better in the yoga group, whereas in control

Dvipada Pitham 6 repeat (4 min) subjects, the difference was negligible.
Chakravakasana vinyasa 6 repeat (3 min) .
Shavasana 8 min Fpr each participant, the number of word§ corppleted and
Pranayama Totally 6 min time taken to complete the words (reaction time) of the
- . Stroop test was calculated at baseline and final visit. As
Sitali 8 rounds (3 min) . . .
) ) shown in Table 4, there was an improvement in the Stroop
Nadishodhana 8 round (3 min) test in the intervention arm when compared to the control
Gradually ratios were increased arm at the final visit. However, the DiD analysis between
Table 2: Comparison of biochemical parameters from baseline to 6 months
Variables Intervention Control Difference- P
Baseline  Final visit Absolute Baseline  Final visit ~ Absolute in-difference
n=76) (0  (n=53) (6 difference  (n=76) (0  (n=70) (6 difference (SE)*
month), months), (effect size) month), months), (effect size)
mean+SD  mean+SD mean+SD  mean+SD
Weight (kg) 71.8+14.7  71.6+148  02+0.127  64.7+10.6 64.6+10.8  0.1£0.047  —0.1£0.3 0.708
BMI (kg/m?) 28.21+4.8 28.21+4.7 0.0+0.009 26.4+2.8 26.3£2.8 0.1+0.082 0.04+0.1  0.713
Systolic blood 123.8+14.4  121.5+11.6 2.3+0.190  123.7+£10.6 122.7¢11.8  1.0+0.112 -1.3£2.1  0.524
pressure (mmHg)
Diastolic blood 78.2+8.5 77.1£7.8 1.1£0.124 76.5+7.6 75.247.1 1.3+0.198 0.2+1.5 0.915
pressure (mmHg)
HbAlc (%) 8.4£1.2 8.1£1.1 0.3+0.304 8.5+1.0 8.1+1.2 0.4+0.380 0.1+0.2  0.598
Serum cholesterol (mg/dL) 175.4443.2 172.0£39.587 3.4+£0.071  178.6+43.3 165.9+40.2 12.7+0.277 9.3+8.8  0.297
Serum triglyceride (mg/dL) 152.7£71.6  144.4+63.1 8.3+0.112  159.6+£102.9 144.7+£73.4 14.9+0.138 6.5£17.0  0.699
HDL (mg/dL)
Male 36.8+6.4 37.6£7.0 —0.8+-0.139 38.6+8.6 41.2+415.2 -2.6+-0.177 —-1.94£3.1 0.547
Female 40.4+6.905 43.1+8.9 —2.7+-0.491 44.1+8.3 44.4+10.4 -0.2+-0.032 2.4+1.5 0.105
LDL (mg/dL) 106.6£41.1  104.7+34.8 1.9+£0.043 114.7£80.0  94.4+33.3  20.3+0.244  18.5+12.5 0.141

*P<0.05 considered as significant. Effect size calculated using paired z-test, “Robust standard error. SD: Standard deviation, HDL: High-density
lipoprotein, LDL: Low-density lipoprotein, BMI: Body mass index, HbAlc: Glycated hemoglobin
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the intervention and control group was not statistically significant in the intervention group. More participants in
significant. the intervention group (n = 29) were able to reduce the
dose of oral hypoglycemic agents after yoga intervention

compared to control group (n = 15), and it was found to be
of diabetes involved determining the appropriate quantities  geatistically significant (P < 0.05).

of medications, insulin, and other therapeutic interventions

As shown in Figure 2, dose assessment in the management

required to achieve and maintain optimal glycemic control ~ Discussion
while minimizing risks such as hypoglycemia, and this With the increasing burden of diabetes and lifestyle-related

was by assessing the HbAlc every 3 months and fasting  disorders in the current scenario, it is important to identify
and postprandial blood glucose every month; Which was  psychosocial factors such as depression, stress, and

Assessed for eligibility (n = 300)

l Excluded (total n = 148) because
a) Refused to participate (n = 118)
Enroliment b) other reasons (n = 30)
l Reason: Non-resident of Chennai.
Assignment
Assigned to Interventional group (n = 76) Assigned to control group (n = 76)
Received Intervention (n = 76) Participant in control group (n = 76)
Completed trail (n = 53) (70%) Completed trial (n = 70) (92%)
Discontinued participants (n = 23) | Discontinued participants (n = 6)
Reasons: Follow-up Reason: Change of residence
Difficulty in adhering to yoga practice rate (81%)
at home = []
Change of residence
Analyzed (n = 146)
l Excluded from analysis (n = 6)
Analyzed (n = 129) Analysis
Excluded from analysis (n = 23) —

Figure 1: Consort diagram for participant flow

Table 3: Comparison of mental health parameters and cognitive function from baseline to 6 months

Variables Intervention Control Difference-in- P

Baseline Final visit Absolute Baseline Final visit Absolute difference

(n=76) (0 (n=53) (6 difference (n=76) (0 (n=70) (6 difference (SE)*

month), months), (effect size) month), months), (effect size)

mean+SD mean+SD mean+SD mean+SD
PHQ-9 4.6+£5.2 1.1£2.0 3.5+0.787 42437 5.6£3.8 —1.4+-0.324 —4.9+0.83 <0.001%*
PSS 17.5+4.6 15.2+4.0 2.3+0.380 16.7+4.7 18.3+3.5 —1.6+-0.438 —3.9+0.96 <0.001%*
MASS 78.2+10.7 81.4+4.5 —3.2+-0.349 78.6+10.1 73.6+8.1 5.0+£0.395 8.2+2.06 <0.001*
MoCA 26.9+2.4 27.7+£2.4 —0.8+—0.294 24.6+3.6 242434 0.4+0.157 1.2+0.49 0.020*

*P < 0.05 considered as significant. Effect size calculated using paired #-test, “Robust SE. SD: Standard deviation, PHQ-9: Patient Health
Questionnaire-9, PSS: Perceived Stress Scale, MoCA: Montreal Cognitive Assessment, MASS: Mindful Attention Awareness Scale, SE: Standard error

Table 4: Comparison of Stroop test scores from baseline to 6 months among intervention and control group

Variables Intervention Control Difference- P
Baseline Final visit Absolute Baseline Final Visit Absolute  in-difference
(n=76) (n=53) (6 difference  (n=76) (0 (n=70) (6 difference (SE)*
(0 month) months) (effect size)* month) months) (effect size)*
Mean Stroop test score 18.5+5.1 21.8+£5.3 —3.4+-0.717  14.5+6.8 15.8+£5.6 —1.4+-0.228  2.0+1.03 0.056*

*P < 0.05 considered as significant. Effect size calculated using paired #-test, “Robust SE. SE: Standard error
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N w » [$)] D
o o o o o

NUMBER OF PARTICIPANTS
S

55"
45
29
15*
—

o

DECREASED NO CHANGE INCREASED
DOSE CHANGE IN OHA MEDICATIONS
B INTERVENTION = CONTROL | *P<0.001 compared to control |

Figure 2: Frequency of dose reduction of oral hypoglycemic agents among
control group and intervention group between baseline and 24 weeks

anxiety, which can have a deteriorating effect on diabetes
management. The impact of yoga has played a major role
in addressing these issues, and it serves as an integrated
approach to diabetes care. Our study observed that the yoga
intervention group had reported lower levels of depression
and stress and improvement in mindfulness. The cognitive
performance of the intervened group has significantly
improved with respect to visuospatial skills, attention,
language, abstract reasoning, delayed recall, executive
function, and orientation. The reduced mean reaction time
and increase in mean word count in the performance of
the intervention group provided the evidence that yoga
practices with breath components can improve cognitive
alertness. Similar findings were found in the studies by
Verma et al.®® and Sunita et al,” and the systematic
review by Innes and Selfe* which showed that yoga
reduced stress, anxiety, and depression, supporting the idea
that yoga has a beneficial role in managing mental health
alongside physical health in people with type 2 diabetes.
Studies by Rajani et al.BY and Jali et al®? reported that
yoga improved mental clarity and cognitive function and
reduced stress and supported the role of yoga as mind
restorative practice which is line with our study.

Our study confirms that it is feasible to conduct a short-term
yoga for adult diabetes as a complementary care supported
by earlier study, which assessed the feasibility of a 12-week
community-based yoga practice. Earlier study by Balaji
et al. found that there was significant decrease in FBS and
PPBS values in both type 1 diabetes and type 2 diabetes
who underwent the 3-month yoga and pranayama.t'?! Similar
findings were found by Malhotra et al.,[''!3 Savita,**! and
Acharya et al P9

Bijlani et al.* found that the fasting plasma glucose and
lipid profile had improved on the last day of the course
compared to the first day of the course where yoga was
taught for 10 days. Our findings are not confirming
these biochemical changes due to yoga intervention.
Short-term yoga study of 10 days or 3 months can
have an observable change which may not sustain. The
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current study had a longer time of 6 months duration
to evaluate the biochemical changes due to yoga, and
these changes were not significant. A study by Sunita
et al.”®! showed that psychological and mental impact
of practicing yoga is characterized by reduced negative
thoughts, stress evaluation, and enhanced cognitive
alertness. Thus, pointing to the mind-restorative nature
of the practice.

Strength

The strengths of the study were assessing the overall
impact of yoga on mental health, mindfulness, cognition,
and quality of life of diabetes patients apart from assessing
only the biochemical parameters. Yoga intervention was
well-accepted in a diabetic center by the participants.

Limitation

One of the limitations of the study was that it was
conducted in a short duration of only 6 months. Another
limitation was that the study period was 6 months duration,
but the yoga training was spaced out, and thus, a continuous
immersive practice could not be checked, in spite of
encouragement for home practice and CD. A continuous
supervised practice would have been more beneficial to
achieve a reasonable glycemic control. Other factors like
dietary adherence was not checked which is likely to have
an impact on glycemic control.

Studies with long-term duration of yoga and a continuous
monitoring of biochemical correlates with larger sample
size are to be conducted to know the physiological impact
of immersive practice.

Conclusion

Yoga is a self-empowering activity that people from
different socioeconomic backgrounds can do on a daily
basis for their general well-being as well as for the
treatment of medical disorders. Yoga has proven to be
effective in reducing depression and stress, improving
cognitive function, and enhancing mindfulness, thus
making complementary approach in the management of
diabetes.

Financial support and sponsorship

This study was financially supported by the Ministry of
AYUSH, Government of India, Krishnamacharya Yoga
Mandiram, Chennai.

Conflicts of interest

There are no conflicts of interest.

References

1. International Diabetes Federation. IDF Diabetes Atlas; 2021.
10" ed. Available from: https:/diabetesatlas.org/atlas/tenth-
edition. [Last accessed on 2023 Jan 03].

2. Anjana RM, Unnikrishnan R, Deepa M, Pradeepa R, Tandon N,

International Journal of Yoga | Volume 18 | Issue 1 | January-April 2025


https://diabetesatlas.org/atlas/tenth-edition
https://diabetesatlas.org/atlas/tenth-edition

10.

12.

13.

14.

15.

17.

18.

19.

International Journal of Yoga | Volume 18 | Issue 1 | January-April 2025

Subramani, et al.: Impact of yoga on type 2 diabetes and mental health

Das AK, et al. Metabolic non-communicable disease health
report of India: The ICMR-INDIAB national cross-sectional
study (ICMR-INDIAB-17). Lancet Diabetes Endocrinol
2023;11:474-89.

Friedrich MJ. Mental health and diabetes:
relationship. JAMA 2017;318:617-8.
American Diabetes Association. Standards of medical care in
diabetes — 2013. Diabetes Care 2013;36 Suppl 1:S11-66.

Dyson PA, Kelly T, Deakin T, Duncan A, Frost G, Harrison Z,
et al. Diabetes UK evidence-based nutrition guidelines for
the prevention and management of diabetes. Diabet Med
2011;28:1282-8.

Knutson KL, Ryden AM, Mander BA, Van Cauter E. Role of
sleep duration and quality in the risk and severity of type 2
diabetes mellitus. Arch Intern Med 2006;166:1768-74.

Surwit RS, van Tilburg MA, Zucker N, McCaskill CC, Parekh P,
Feinglos MN, et al. Stress management improves long-term
glycemic control in type 2 diabetes. Diabetes Care 2002;25:30-4.
Kim HJ, Jung TS, Jung JH, Kim SK, Lee SM, Kim KY, et al.
Improvement of glycemic control after re-emphasis of lifestyle
modification in type 2 diabetic patients reluctant to additional
medication. Yonsei Med J 2013;54:345-51.

Bell RA, Suerken CK, Grzywacz JG, Lang W, Quandt SA,
Arcury TA. Complementary and alternative medicine use among
adults with diabetes in the United States. Altern Ther Health
Med 2006;12:16-22.

Nahin RL, Byrd-Clark D, Stussman BJ, Kalyanaraman N.
Disease severity is associated with the use of complementary
medicine to treat or manage type-2 diabetes: Data from the 2002
and 2007 National Health Interview Survey. BMC Complement
Altern Med 2012;12:193.

Malhotra V, Singh S, Singh K, Sharma S, Madhu SV, Gupta P,
et al. Effects of yoga asanas and pranayama in non-insulin
dependent diabetes mellitus. Indian J Tradit Knowl 2004;3:162-7.
Balaji PV, Thirumaran M. Effects of 10 weeks yoga training
on blood glucose and lipid profile in type Il diabetic patients.
Scholars J Appl Med Sci 2015;3:1876-9.

Malhotra V, Singh S, Tandon OP, Sharma SB. The beneficial
effect of yoga in diabetes. Nepal Med Coll J 2005;7:145-7.

West J, Otte C, Geher K, Johnson J, Mohr DC. Effects of hatha
yoga and African dance on perceived stress, affect, and salivary
cortisol. Ann Behav Med 2004;28:114-8.

Selvamurthy W, Sridharan K, Ray US, Tiwary RS, Hegde KS,
Radhakrishan U, et al. A new physiological approach to
control essential hypertension. Indian J Physiol Pharmacol
1998;42:205-13.

Shelov DV, Suchday S, Friedberg JP. A pilot study measuring
the impact of yoga on the trait of mindfulness. Behav Cogn
Psychother 2009;37:595-8.

Chow S-C, Shao J, Wang H, Lokhnygina Y. Sample Size
Calculations in Clinical Research (3" ed.). Chapman and Hall/
CRC. 2017.

Deepa M, Pradeepa R, Rema M, Mohan A, Deepa R,
Shanthirani S, et al. The Chennai Urban Rural Epidemiology
Study (CURES) — Study design and methodology (urban
component)  (CURES-I). J Assoc  Physicians India
2003;51:863-70.

Friedewald WT, Levy RI, Fredrickson DS. Estimation of the
concentration of low-density lipoprotein cholesterol in plasma,
without use of the preparative ultracentrifuge. Clin Chem

The bidirectional

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

1972;18:499-502.

Levis B, Benedetti A, Thombs BD, DEPRESsion Screening
Data (DEPRESSD) Collaboration. Accuracy of Patient Health
Questionnaire-9  (PHQ-9) for screening to detect major
depression: Individual participant data meta-analysis. BMJ
2019;365:11476.

Manzar MD, Salahuddin M, Peter S, Alghadir A, Anwer S,
Bahammam AS, et al. Psychometric properties of the perceived
stress scale in Ethiopian university students. BMC Public Health
2019;19:41.

Black DS, Sussman S, Johnson CA, Milam J. Psychometric
assessment of the Mindful Attention Awareness Scale (MAAS)
among Chinese adolescents. Assessment 2012;19:42-52.
Dautzenberg G, Lijmer J, Beekman A. Diagnostic accuracy
of the Montreal Cognitive Assessment (MoCA) for cognitive
screening in old age psychiatry: Determining cutoff scores in
clinical practice. Avoiding spectrum bias caused by healthy
controls. Int J Geriatr Psychiatry 2020;35:261-9.

Ghimire N, Paudel BH, Khadka R, Singh PN. Reaction time
in Stroop test in nepalese medical students. J Clin Diagn Res
2014;8:C14-6.

Poongothai S, Vidyulatha A, Nisha T, Lalasa M, Bhavani Sundari
B, Karkuzhali K, er al. Impact of yoga intervention on physical
and mental health of adults with type 2 diabetes: Study design
and methodology. Journal of Diabetology 2021;12:517-523.
Raveendran AV, Deshpandae A, Joshi SR. Therapeutic role of yoga
in type 2 diabetes. Endocrinol Metab (Seoul) 2018;33:307-17.
Papazafiropoulou  AK, Bakomitrou F, Trikallinou A,
Ganotopoulou A, Verras C, Christofilidis G, et al
Diabetes-dependent quality of life (ADDQOL) and affecting
factors in patients with diabetes mellitus type 2 in Greece. BMC
Res Notes 2015;8:786.

Verma K, Srivastava A, Singh D. Effects of yoga on psychological
health and sleep quality of patients with acute insomnia:
A preliminary study. Adv Mind Body Med 2022;36:4-11.

Sunita, Lata M, Mondal H, Kumar M, Kapoor R, Gandhi A.
Effect of practicing meditation, pranayama, and yoga on the
mental health of female undergraduate medical students: An
interventional study. Cureus 2022;14:e28915.

Innes KE, Selfe TK. Yoga for Adults with Type 2 Diabetes:
A Systematic Review of Controlled Trials. J Diabetes Res.
2016;2016:6979370. doi: 10.1155/2016/6979370.

Rajani S, Archana R, Indla YR, Rajesh P. Beneficial effects of
yogasanas and pranayama in limiting the cognitive decline in
type 2 diabetes. Natl J Physiol Pharm Pharmacol 2017;7:232-5.
Jali M, Deginal RB, Ghagane S, Jali SM, Shitole AA. The
influence of yoga therapy in adults with type 2 diabetes mellitus:
A single-center study. Yoga Mimamsa 2017;49:9.

Singh S, Kyizom T, Singh KP, Tandon OP, Madhu SV. Influence
of pranayamas and yoga-asanas on serum insulin, blood glucose
and lipid profile in type 2 diabetes. Indian J Clin Biochem
2008;23:365-368. [doi:10.1007/s12291-008-0080-91].

Acharya B, Upadhyay A, Upadhyay RT, Kumar A. Effect of
pranayama (voluntary regulated breathing) and Yogasana (yoga
postures) on lipid profile in normal healthy junior footballers. Int
J Yoga 2010;3:70.

Bijlani RL, Vempati RP, Yadav RK, Ray RB, Gupta V, Sharma R,
et al. A brief but comprehensive lifestyle education program
based on yoga reduces risk factors for cardiovascular disease and
diabetes mellitus. J Altern Complement Med 2005;11:267-74.

73



