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ABSTRACT

Introduction: Type 2 Diabetes Mellitus (T2DM) is a chronic
metabolic disease characterised by insulin resistance and
hyperglycaemia due to insulin deficiency. Despite advances in
traditional treatment approaches, achieving and maintaining
optimal glycaemic control remains a clinical challenge.

Aim: To thoroughly evaluate and summarise the available evidence
on the effects of yoga on HbA1c levels in patients with T2DM.

Materials and Methods: The present review was a systematic
review in which five electronic databases were searched:
PubMed/MedLine, SCOPUS, the Cochrane Library (including
ICTRP and EMBASE), and the Physiotherapy Evidence
Database (PEDro). The keywords used were “yoga”, “HbA1c”,
“diabetes” and “T2DM”. Google Scholar was also searched for
supplementary information and manually reviewed references
from identified publications. After removing duplicates and
making the full text available, 24 articles were included in the
systematic review.

Results: This systematic review demonstrates the benefits of
various yoga techniques for patients with T2DM. The review

INTRODUCTION

The T2DM is a chronic metabolic disease characterised by insulin
resistance and hyperglycaemia due to insufficient insulin secretion.
Despite advances in traditional treatment approaches, achieving
and maintaining optimal glycaemic control remains a clinical
challenge. Its escalating prevalence and associated complications
pose substantial challenges to global public health systems [1].
In response to this problem, there is growing interest in exploring
complementary and alternative interventions that can be combined
with standard pharmacotherapy to improve glycaemic control and
overall wellbeing in patients with T2DM. Among these modalities,
yoga—a multifaceted mind-body practice with roots in ancient
Indian traditions—has emerged as a promising complementary
therapy within holistic approaches to health promotion [2]. Yoga
encompasses a variety of practices, including physical postures
(asanas), breathing exercises (pranayama), meditation (dhyana),
and ethical precepts (yamas and niyamas), all aimed at promoting
physical, mental and spiritual wellbeing [3]. It addresses not only
the physiological aspects of diabetes, but also the psychosocial
factors that often accompany the disease, such as stress, anxiety
and depression [4,5].

The treatment of T2DM is based on the necessity of achieving
glycaemic control, as reflected by haemoglobin A1c (HbA1c) levels
[6]. HbA1c serves as an important indicator of long-term blood
glucose levels, providing insight into overall glycaemic control and
associated risks. Lowering HbA1c levels is a major therapeutic goal
in the treatment of T2DM [7], as it is associated with a reduced risk
of microvascular and macrovascular complications [7,8].
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primarily focused on fasting blood glucose, postprandial blood
glucose, hormone levels, lipid profiles, blood pressure, cardiac
function, vitamin C and E levels, anthropometric measurements,
quality of life and psychological factors. This review aids
in predicting the benefits of various yoga techniques as an
integrated approach and assesses the cumulative benefits of
medication among patients with diabetes. Out of the 24 included
studies, numerous yogic practices were employed; seven
studies used Suryanamaskar, eight studies used Trikonasana
and the remainder utilised Padmasana, Paschimottasana,
Tadasana, Mandukasana, Ardh Matsyendrasana, Sukhasana
and others. The studies also incorporated various Pranayamas,
including Sudarshan Kriya, Bhastrika, Bhramari, Kapalbhati,
Nadi Shuddhi, Viparitakarani, Sitkari, Anuloma-Viloma, and Om
chanting.

Conclusion: This review highlights the benefits of various
yoga techniques as an integrated approach and underlines the
cumulative benefits of pharmacological treatment in patients
with diabetes.

Keywords: Glycaemic control, Insulin, Metabolic diseases

Anecdotal studies suggest a potential benefit of yoga in improving
glycaemic control and lowering HbA1c levels in people with T2DM,;
however, establishing the consistency, magnitude and clinical
significance of these effects requires a comprehensive synthesis
of the existing literature. Therefore, this systematic review aims to
thoroughly evaluate and summarise the available evidence on the
effect of yoga on HbA1c levels in patients with T2DM [9-11]. By
systematically analysing a diverse range of studies, this review
seeks to provide clinicians, researchers and patients with a clearer
understanding of the therapeutic potential of yoga in glycaemic
management and its broader implications for the treatment of
T2DM. Additionally, by identifying methodological limitations and
research gaps in the existing literature, this review aims to uncover
the mechanisms underlying the effects of yoga on glycaemic
control and guide future research efforts to optimise the integration
of yoga into comprehensive models of diabetes care.

MATERIALS AND METHODS

Search strategy and source of information: Five electronic
databases were searched for this review: PubMed/MedLine (88
articles), SCOPUS (155 articles), the Cochrane Library (including
ICTRP and EMBASE) (4 articles), and the Physiotherapy Evidence
Database (PEDro) (21 articles) [Table/Fig-1]. Additionally, Google
Scholar was explored to gather supplementary information and a
manual search was conducted, which included reviewing references
inidentified publications. We also sought input from colleagues in the
field. The search strategy for this review involved the amalgamation
of key terms and their synonyms. For inclusion in the review, each
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study’s title or abstract had to include at least one term from the
search strategy.
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Data extraction: Two reviewers independently extracted data using
a standardised form, capturing study characteristics (e.g., design,
sample size, intervention duration), participant demographics (e.g.,

Database Search terms e':t’::;fjd age, gender, diabetes duration), details of the yoga intervention (e.g.,
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‘randomised controlied trial” AND "clinical trial” (GRADE) approach and the Physiotherapy Evidence Database
“yoga” AND “HbATc” AND “diabetes” AND 13 (PEDro) scale [Table/Fig-3] [12-31].
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literature review of studies focusing on HbA1c levels. The types Dash S and Thakur AK, 2014 129] | v | x | x | v | x | x | x|~ [~ ] v ] =
of studies included were observational studies, cross-sectional Hegde SV et al., 2011 [30] 3 s e T P L L [y N TV T
studies, and Randomised Controlled Trials (RCTs) or clinical trials. Hogdo S o1 al. 2013 [25] v v TV T
The search was conducted using Boolean operators ‘AND’, ‘OR’, .
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At each stage of the selection process, two independent reviewers 2020 20]

screened and selected articles, resolving differences through
discussion until consensus was reached.

Inclusion criteria: Studies evaluating the impact of yoga interventions
on HbA1c levels in adult patients with T2DM, employing experimental
or observational designs, reporting pre- and postintervention HbA1c
levels and being available in English were included in the studly.

Exclusion criteria: Reviews or conference abstracts without full-
text availability were excluded from the study. Agreement between
the two reviewers before consensus discussions ranged from
94% at the abstract level to 92% at the full-text level. [Table/Fig-2]
demonstrates the PRISMA flowchart for the inclusion and exclusion
of the articles.
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[Table/Fig-2]: Prisma flowchart.

[Table/Fig-3]: PEDro scale* analysis of the studies included in the systematic
review [12-31].

*https://pedro.org.au/english/resources/pedro-scale/(1: eligibility criteria were specified; 2: subjects
were randomly allocated to groups; 3: allocation was concealed; 4: the groups were similar at
baseline regarding the most important prognostic indicators; 5: there was blinding of all subjects:
6: there was blinding of all therapists who administered the therapy; 7: there was blinding of all

assessors who measured at least one key outcome; 8: measures of at least one key outcome
were obtained from more than 85% of the subjects initially allocated to groups; 9: all subjects for
whom outcome measures were available received the treatment or control condition as allocated
or, where this was not the case, data for at least one key outcome was analysed by “intention to
treat”; 10: the results of between-group statistical comparisons are reported for at least one key
outcome; 11: the study provides both point measures and measures of variability for at least one
key outcome)

GRADE approach: The GRADE approach assesses the quality
of evidence based on study design, risk of bias, inconsistency,
indirectness, imprecision and publication bias. Each included study
was evaluated and rated as being of high, moderate, low, or very
low quality based on these domains. This assessment indicates
how confident we are in the study findings.

Level of evidence: After the GRADE assessment, the level of
evidence for each outcome was assigned, ranging from high to very
low based on the overall quality of the studies. High-quality evidence
implies a high level of confidence in the effect estimate, while very
low-quality evidence suggests considerable uncertainty [32].

PEDro scale: The PEDro Scale assesses the methodological quality of
RCTs of physiotherapy interventions. It consists of 11 items, including
randomisation-related criteria, blinding, eligibility criteria, outcome
measures and statistical analysis. Each criterion met is worth one point,
with a maximum score of 10. Out of the 24 included studies, 20 articles
(four studies were not RCTs) were assessed based on the PEDro
score, with a higher score indicating better methodological quality [33].
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Risk of bias assessment: The lead researcher assessed the internal
validity of the included studies by examining their susceptibility to
bias. This assessment employed the Cochrane Risk of Bias Tool for
Randomised Trials (RoB 2), version 2, which is specifically designed
for reviews focusing on the effectiveness and management of
care. RoB 2 defines specific areas of bias related to trial planning,
implementation and documentation [34]. Each area includes a “signal
question” designed to elicit trial properties relevant to susceptibility to
bias. The algorithm then evaluates the answers to these questions,
providing a judgement of susceptibility to bias for each area, with
options such as “low” or “high” risk, “some concern”, and “no
information”. A visual representation of these results is provided
using a traffic light diagram available on a dedicated website at
https://www.riskofbias.info/welcome/robvis-visualisation-tool [Table/
Fig-4,5] [12-31].
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[Table/Fig-4]: Risk of bias according traffic light plots and summary plots according

to cochrane criteria [12-31].
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[Table/Fig-5]: Overall risk of bias.

Data synthesis: The data synthesis of the included studies
demonstrates promising trends in the effect of yoga on HbA1c
in patients with T2DM. The review encompassed a diverse set
of studies with varying designs and intervention characteristics.
Although the specifics of the yoga interventions varied across
studies, most indicated improvements in HbA1c levels following the
intervention. However, heterogeneity across studies—including
differences in participant demographics, intervention protocols
and outcome measures—precludes making firm conclusions
about the overall effectiveness of yoga in controlling HbA1c levels
in T2DM. Nevertheless, this synthesis highlights the potential
of yoga as an adjunctive therapy for glycaemic control in the
treatment of T2DM.
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RESULTS

Characteristics of Included Studies

A total of 133 articles were retrieved from various databases and
manual searches. Using a combination of keywords, 53 articles
were extracted from PubMed, 54 articles from SCOPUS, 4 studies
from the Cochrane Library, and 21 articles from PEDro. Additionally,
four articles were hand-picked from the cross-references of various
articles. After removing duplicates and ensuring the availability of
full-text articles, 24 articles were included for the systematic review
. Among the 24 articles included in this systematic review, 20 were
RCTs, two were case reports, one was a retrospective case-control
study, and one was a prospective cohort study.

Risk of Bias

[Table/Fig-2] represents the summary of the risk of bias for the
included RCTs. Overall, the risk of bias was low in nine out of
the 24 studies included in the systematic review [12-17,32-34].
Eleven of the 24 studies exhibited adequate randomisation [12-
19,32-34], while 18 of the 24 studies demonstrated low bias in the
measurement of the outcomes [12-17,23-28,32-37]. Additionally,
20 out of 24 studies had low bias in the selection of reported results
[12-20,23-30,35-37]. Deviation from the intended intervention was
reported as having high bias in one study [26] and moderate bias in
another [27]. Only two studies reported high bias regarding missing
outcome data and measurement of outcomes [21,31]. High bias in
the selection of reported results was noted in one study [21], with
moderate concern raised in the reported results of three studies
[22,31,38]. The details of the characteristics of the included articles
are provided in [Table/Fig-6] [12,31,35-38].

Intervention

Details of interventions: The types of interventions, their duration,
and outcomes are summarised in [Table/Fig-2]. Various Yogasanas
and Pranayama techniques have been employed to assess their
effects on HbA1c levels.

Out of the 24 included studies, a variety of Yogasanas were used.
Seven studies [16,19,20,23,29,36,37] utilised Suryanamaskar, while
eight studies [14,17,20,23,25,30,36,37] implemented Trikonasana.
Other commonly used Yogasanas included Padmasana [20,23],
Paschimottasana [16,20,23,25,30], Tadasana [14,20,23,25,30],
Mandukasana [16,23,29], Ardh Matsyendrasana [14,16,17,19,20,
23,29,36], Sukhasana [23], Pawanmuktasana [14,19,23,25,29,30,
36], Bhujangasana [16,19,20,283,25,30,36], Vajrasana [20,23,25,29,
30], Dhanurasana [20,23,25,26,30], Vakrasana [14,17,25,36,
37,30], Chakrasana [17,36,37], Shavasana [14,16,23,25,29,30],
Shalabhasana [19,25,30], Veerasana [14], Parsvakonasana [14,25,
30], Navasana [14,20,37], Ushtrasana [16], Padahastasana [25,30,
37], Gomukhasana, Uttanapadasana, and Vrikasana [25-30,36,37],
as well as Ardh Machendrasana [37].

Pranayama techniques [14,16-23,37] were also included in the
studies, suchas SudarshanKriya[14,16,21,22], Bhastrika[14,16-23],
Bhramari [17,20,25,29,30,36], Kapalbhati [14,16,18,20,29,36,37],
Nadi Shuddhi [14,17,36), Viparitakarani, Sitkari [25,30], Anuloma-
Viloma [20,25,29,30,37], and Om chanting [14,17,21,22,29,306)].

Additionally, lyengar Yoga was implemented in two studies [12,13],
demonstrating improvements in fasting blood glucose and HbA1c
levels. Another study employed Laughter Yoga [15] to determine
its effects. Seven studies did not specify the types of Yogasanas
used. The authors of these studies included yoga as part of an
integrated approach to reduce blood glucose levels and glycaemic
index [24,26-28,31,35,38]. Some studies also included relaxation
and breathing techniques [17-19,31,37].

The control groups primarily included standard therapy or
pharmacotherapy [12,14,15,18,19,21,22,24,30,35,37], stretching
exercises [13,17,20,31], a waitlist control group [17,25,31], or a
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) . blood pressure . .
comparison with improve glycaemic
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Jyotsna VP et Patients with 50.59+10.11 | comprehensive ! p-Ik Fasting Blood 9 .
. . standard treatment towards improvement
al., 2012 [21] . T2DM on (Sudarshan yogic breathing . Glucose (FBS), . . .
Randomised- : of diabetes and h in glycaemic control in
controlled trial t‘reat'ment 49 Kriya Yoga program on taught and told to Postprandial Blood the group practicing
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N Patients with 35-72 (Mean | (SKY and standard treatment - who followed the
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N ) . cardiac autonomic | comprehensive yogic breathing
quality trial in SKY ) : . . PPBS, HbA1c
functions in yogic breathing program compared
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alone.
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[Table/Fig-6]: Study characteristics and quality appraisal.

glycaemic control.

pure control group without any intervention [16,19,23,27,28]. Two
studies, which were case reports [26,36,37], had no control group;
one study did not include any control group either [38].

Thedurationsoftheinterventionsvariedacrossthe studies: five studies
had interventions lasting less than two months [17,18,29,36,37],
one study lasted for two months [28] and 15 studies provided
interventions for three months [12,15,17,19-21,26,30,31,38]. One
study had a four-month intervention [14], while two studies offered
interventions for six months [13-27,36,37] to observe the effects
on glycaemic index levels. Follow-up assessments were conducted
at three months [17,18], six months [12,21,22,24], or nine months
[21], and some studies had follow-ups at 12 months [13,36].

Outcome Measures

Glycosylated Haemoglobin (HbA1c) was the outcome measure
used in each study. Additionally, the most common outcome
measures included fasting blood glucose, which was assessed
by 18 studies [12-14,17,21-30,36-38]. Twelve studies evaluated
postprandial blood glucose [13,14,21-283,25,27,29,30,36,37], while
nine studies assessed lipid profiles [13,14,17,19,27-29,31,37].
Anthropometric measurements were evaluated by 11 articles [12
,14,15,19,25,27,30,31,35,37]. Quality of life was assessed by six
articles [12,13,19-21,31], and four studies evaluated psychological
factors [12,15,20,24]. Hormonal levels were assessed in seven
studies [13,14,24,25,27,28,30], while two studies examined
cardiac function tests [21,31]. Blood pressure was monitored in
seven articles [13,19,24-26,30,31], and the levels of Vitamins C and
E were assessed by two studies [25,30].

DISCUSSION

This systematic review demonstrates the benefits of various yoga
techniques for patients with T2DM. The review primarily included
fasting blood glucose, postprandial blood glucose, hormone levels,
lipid profile, blood pressure, cardiac function, vitamin C and E levels,
anthropometric measurements, quality of life, and psychological
factors. This review aids in predicting the benefits of various yoga
techniques as an integrated approach, as well as the cumulative
benefits of medication among patients with diabetes. The analysis
of this study is closely supported by a systematic review and meta-
analysis by Kumar V et al., published in 2016 [39].

The beneficial effects of yoga on diabetes may be attributed
to improvements in the mental and psychological health of
patients, which lead to reduced stress levels. Most importantly,
the improvement in HbA1c levels through yoga, as mentioned in
our systematic review, may be associated with reduced stress
levels in patients with diabetes. Stress has been documented to
worsen the risk and severity of diabetes by inducing Hypothalamic-
Pituitary-Adrenal (HPA) axis and sympathetic and parasympathetic
withdrawal [40]. This is accompanied by increased levels of
cortisol, epinephrine, norepinephrine, growth hormone, glucagon,
catecholamines, prolactin, leptin and neuropeptide Y [40].

Researchers have hypothesised that yoga addresses the root of
the disease, rather than just the symptoms. Yoga has been found
to be a precursor to improvements in blood sugar levels, stress
management and overall quality of life [2,20,41]. These improvements
are mediated by a variety of mechanisms postulated in previous
studies, which support the findings of this systematic review.
Studies have shown that the effects of yoga attenuate the HPA axis,

which is accelerated by physical inactivity and psychological stress.
Yoga also stimulates vagal tone and activates the parasympathetic
nervous system [42].

Yoga has been shown to be effective in lowering HbA1c by improving
the number of insulin receptors and increasing receptor binding in
diabetes. Improvements in insulin dynamics were associated with
adjustments in the insulin-glucose ratio, reductions in fasting insulin
levels, and a leftward shift in peak insulin levels [43]. Additionally, Body
Mass Index (BMI) adjustments reported in eight studies were strongly
associated with weight loss and glycaemic control. Numerous
studies have identified stress as a key characteristic of hunger,
which is related to dense, glucose-rich foods and fats. Furthermore,
emotional stress can increase overeating and lead to a lack of control
over the pattern, quality and quantity of food intake [44,45].

Previous studies have shown that stress activates the HPA axis,
ultimately leading to excess circulating cortisol, which may contribute
to abdominal obesity [40,46]. Present review findings are supported
by studies conducted in diverse populations that have documented
a strong correlation between meditation and improved eating habits
[47,48]. This may provide a basis for the observed changes in BMI.

Yoga has been shown to have beneficial effects on HbA1c, stress
and blood glucose levels, in addition to improving quality of life for
people with diabetes. The observed differences were significant,
suggesting that yoga could be implemented as a supportive
intervention for individuals with diabetes, with minimal or no negative
impact on their overall health.

Limitation(s)

One limitation of this review is that only five studies included in this
systematic review were of international origin, while the remaining
studies were sourced from trials conducted in India. Additionally,
most of the supplementary studies did not include a diabetic
population, and the largest study examined the effects for a duration
of only three months. Future studies with larger sample sizes and
standardised yoga intervention protocols over the long term could
provide more information on the superior effectiveness of yoga as
an intervention for diabetes treatment.

CONCLUSION(S)

This review demonstrates that yoga significantly benefits the
management of T2DM by improving blood glucose levels, HbA1c and
stress reduction, which in turn enhances overall quality of life. Yoga's
positive effects are linked to improved insulin sensitivity and reduced
stress, addressing both the physiological and psychological aspects
of diabetes. The findings suggest that incorporating yoga into diabetes
care can be a valuable and low-risk complementary therapy.
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