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ABSTRACT

Type 2 diabetes mellitus (T2DM) has become a major health challenge in the 21st century. Prevention and management of this metabolic disease
could be achieved by healthy lifestyle interventions. Yoga is one such lifestyle intervention practice that has been identified and proved its
beneficial effects on T2DM through several studies. The purpose of this comprehensive review was to assess the available evidence from both
short-term and long-term studies regarding the beneficial effects of yoga intervention on adult patients with T2DM and the significant impact
on diabetes-related risk indices. According to the evidence of past literature used for this review, yoga plays a significant role in the prevention
and management of T2DM through the improvement of weight, blood pressure, glycemic parameters, lipid profile, and oxidative stress. Side
effects or complications due to yogic practices have not been mentioned up to date in any study conducted. To conclude, most of the findings
suggest that yoga may play a vital role in the prevention and management of T2DM, but the lack of standard research studies performed in a
diverse population is a big barrier to make evidence-based conclusions. Additional high-quality, long-term investigations should be performed

in diverse populations to evaluate the effectiveness of yoga in the prevention and management of T2DM and its complications.
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MEeTHODS

Studies carried out on the beneficial effects of yoga exercise on
patients with type 2 diabetes mellitus (T2DM) are sparse. Relevant
articles published between 2000 and 2020 were retrieved from
electronic databases (Google Scholar, PubMed, and Medline)
using “yoga and type-2-diabetes mellitus” as keywords. From the
article search, studies that are mainly focused on the beneficial
effect of yoga intervention on T2DM-related risk indices [weight,
blood pressure (BP), glycemic parameters, lipid profile, and
oxidative stress] were included in this review. In addition to
that, original research studies (both short-term and long-term)
conducted on adults with T2DM and articles which are written in
the English language were considered as other inclusion criteria.
Articles without full text (abstract only) were excluded. Additional
information was retrieved from annual reports of the World Health
Organization (WHO), American Diabetes Association (ADA), and
International Diabetes Federation (IDF).

The Burden of Diabetes Mellitus

Type 2 diabetes mellitus has become a major health challenge
worldwide. Recent findings of the IDF confirm that diabetes is one
of the fastest-growing global diseases.! According to the estimation
of the WHO, 463 million people had diabetes in 2019, and it is
predicted to reach 578 million by 2030 and 700 million by 2045. It
is a complex metabolic disorder characterized by hyperglycemia
and glucose intolerance resulting from defects in insulin secretion
(cannot produce any or sufficient insulin), the action of produced
insulin is not effective, or both.? There are two major types of
diabetes mellitus, one is insulin-dependent diabetes (type 1
diabetes) and the other one is non-insulin-dependent diabetes
(type 2 diabetes). More than 90% of the diabetic population has
type 2 diabetes in developed countries, and the percentage is even
higher in developing countries.?
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Type 2 diabetes mellitus is one of the lifestyle-related diseases.
Age, obesity, unhealthy dietary habits, sedentary lifestyle, and
stress conditions have been identified as major risk factors of
incidence of T2DM.*> Commonly, these conditions are linked
to each other. Excessive calorie intake leads to obesity, and
due to overweight, a person would likely to become physically
more inactive. Obese, physically inactive behavior could create
stressed conditions, and these conditions certainly promote with
increasing age.

Management of T2DM
The management of T2DM has given attention through medication
and lifestyle interventions, including increasing physical activity
and healthy dietary habits.
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Pharmacological Treatment and Limitations

Several novel pharmacological agents are available for the
treatment of diabetes. But the use of drugs for along time has some
adverse side effects and complications, such as drug dependency,
and drugs may lose their effectiveness compared with the initial
response with time, which would make patients develop drug
resistance.* Also, the consumption of a large volume of drugs
by the population is not healthy for the economy of any country,
especially in developing countries like Sri Lanka. Hence, healthy,
more viable alternatives have to be invented.

Lifestyle Modification

Treatment of diabetes with the supplement of medications has been
developed to maintain blood glucose, lipid profile, stress conditions,
and anthropometric measures with behavior change and lifestyle
modification.” Lifestyle interventions include the combination of
increasing physical activity and adopting healthy dietary habits with
the use of recommended dosage of drugs for each individual with
diabetes.3® Implementation and maintenance of physical activity
is important for overall health and blood glucose management
in individuals with diabetes and preventing the development of
prediabetes to T2DM in high-risk individuals. Lifestyle intervention
aimed at motivating individuals to maintain body energy by
balancing energy gain and consumption. Reducing energy intake
and increasing physical activity is a key therapy behind this. Hence,
inrecentyears, several studies have been conducted to evaluate the
effect of an increase in physical activity to manage T2DM and also
to prevent its complications. Even moderate weight loss resulting
from increased physical activity can maintain blood glucose levels
by improving insulin sensitivity and other biochemical parameters
in patients with T2DM and prevent the development of T2DM in
high-risk individuals."" This review will provide a general overview
of the important role of yoga intervention in the prevention and
management of T2DM, including common health problems such as
overweight, hypertension, high glucose levels, and high cholesterol.

Yoga as a Lifestyle Intervention Tool

Yoga, a form of physical activity, has been studied for several
decades and has gained popularity due to its numerous health
benefits. It is an efficient, cost-effective, easily performed lifestyle
intervention method and has no side effects.'? Yoga has been
identified as a possible solution, and most of the studies have
proven its effectiveness in preventing and managing T2DM.
Yoga is a traditional Indian exercise routine consisting of various
postures (Asana), breathing techniques (Pranayama), sounds, and
meditation.'* Both short-term and long-term studies have been
carried out to assess the efficacy of yoga in controlling T2DM.
Several studies have compared the effectiveness of yoga
and other physical training exercises on blood glucose and other
parameters.”'"1* In these studies, yoga was considered as an
intervention and aerobic training as a control. There is one study
that suggested that yoga exercise in T2DM patients is similar to that
of conventional physical training exercise because the observed
responses (FBS, lipid parameters, and stress-related hormones)
are similar in both groups.'” Another study on women with T2DM
found that yoga exercise is similar to other physical training
exercises in reducing blood glucose, glycosylated hemoglobin
(HbA1c), triglycerides (TG), total cholesterol (TC), and VLDL. But
they concluded that yoga exercise is better than other physical
training exercises in reducing the requirement of oral hypoglycemic
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agents, increasing HDL, and decreasing LDL in T2DM.™ A recent
randomized control trial conducted for 3 months observed a
decline in fasting plasma glucose in the exercise and yoga groups.
But the reduction of HbAlc was observed in the yoga group
only, though not significant.” A 4-week intervention study done
on T2DM patients in separate groups (only walking, only yoga
exercises, and alternate practice of walking with yoga) indicated
that participants in all groups had a statistically significant impact
on fasting blood glucose (FBG) level.”” The outcome measures of
these studies suggest that yoga interventions seem to be similar
to other physical exercises or superior in effects. Combined effects
of yoga and physical exercises may be more effective in preventing
and managing T2DM.'¢

Routine of Yoga Sessions

Most recently published studies have described the yoga sessions
in detail with the time duration allocated for each posture and
breathing technique.*'%'317-25 Syrya namaskara, Tadasana,
Trikonasana, Paschimottanasana, Vajrasana, Pavanamuktasana,
Bujangasana, Dhanurasana, Vakrasana as postures (asana) and
Bhastrika, Kapalapathi, Anulom-viloma, Bhramari, and “Om”
chanting are common breathing techniques (pranayama) have been
commonly practiced in most studies and reported to significantly
contribute to the outcome measures. But none of the studies
evaluated the individual contribution of yogic postures on the
outcomes. The impact of yogic exercises on outcome measures
depends on both the duration and the frequency of yoga sessions.
Yoga practice varied in type, duration, and frequency in different
studies. For example, a yoga intervention was conducted for 1 week
and patients received different yoga practices from morning 5:30
am to night 9:00 pm with counseling sessions,?® whereas another
yoga study has been conducted for 9 months."* But in most of the
studies, yoga sessions were held for 40-60 minutes per session
and 3-6 days per week.!%1118.21.25 Sassion meetings and follow-up
periods varied from 7 to 24 weeks.!"181922242527-29 The time and
the duration of a yoga session are important because some of the
diabetic-related parameters like HbAlc and body mass index (BMI)
need to have a long period to show significant effects, while some
studies have observed favorable effects in short time periods.

In a study duration of a 3-month-long yoga session, a declinein
HbA1c in the yoga group was observed, but it was not significant.”
In a different study significantly brought down the high glycemic
value after 6 months,?' whereas another study followed for a similar
time period?® reported no such significant changes in HbAlc. This
may be due to the frequency and the duration of yoga sessions
because in the first study sessions were held for 6 days per week for
45-60 minutes per day, and in the second study, the frequency was
3 days per week for 3 hours per day. The correct combination of the
duration of the study period, time of each session, and frequency
of yoga sessions might have an impact on the beneficial effects on
the considered outcome measures.

Inclusion Criteria and Exclusion Criteria

Consideration of inclusion and exclusion criteria while designing
the study is vital for getting reliable outcomes. Most studies have
included 30-60 years old patients with T2DM for a history of 1-10
years'"1”2324 and on recommended oral hypoglycemic drugs as
per standard clinical practice.'>3° Non-smoker, non-alcoholic,1%*
and literate patients** were included. Diabetic patients treated with
insulin were excluded because quick falls in FBG levels could occur
during yoga sessions.?’ Patients not involved in any type of yogic
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practice or physical exercise at the time of their inclusion were
able to participate in the intervention.'*?>3! Most studies included
patients both males and females, but several studies included either
male or female patients only.*”32 A study conducted for 10 days
observed that women had a higher reduction in blood glucose level
than men,® but another study indicated that outcome measures
(demographic and biochemical parameters) were not statistically
significant in a gender specifically."

As exclusion criteria, most studies have excluded patients
with nephropathy, retinopathy (proliferative), neuropathy, and
coronary artery disease, 2233031 cancer,'>!? severe osteoporosis,'?
pulmonary tuberculosis, rheumatoid arthritis, and acute macro-and
microvascular complications."”!° Patients without malnutrition or
severe complications of diseases like cardiovascular, renal, visual,
cerebral,"" and patients with >200 mg/dL fasting blood glucose
and 300 mg/dL or higher level of post-meal blood glucose level,?
and having HbA1c levels between 6 and 9%2%34 were excluded.

Outcomes
BP

The practice of yoga is effective in reducing BP in patients with
T2DM. An ample number of studies have shown yoga as an
effective tool for reducing systolic and diastolic BP.”119223536 The
mean systolic and diastolic BP have reduced significantly in the
yoga group after 3 months of yoga intervention compared with
the control group.”'*?2 McDermott et al.'® observed a significant
reduction of BP after 2 months of intervention. The reduction
of BP gradually increases if yoga exercises are discontinued.
Restarting yoga sessions leads to return BP into normal in patients.?’
Pranayama and Shavasana practices are recommended for patients
with hypertension.'®

Weight and Body Mass Index

Several intervention studies have shown that yoga practice
is effective in reducing body weight, BMI, and waist to hip
ratio.'®172023.25 Completion of yoga intervention was associated
with a 4.56-6.69% reduction of body weight, 1.2 kg/m? of BMl and
the average weight reduction was 2.26 kg per person.?> Two studies
reported no significant change in body weight and BMI values
compared with the baseline values,?>*” and in another 4-month
study, patients had a mild decrease in BMI and body weight,
which were not statistically significant.® Poor attendance for yoga
classes, limited flexibility, comorbidity, lack of basic fitness, lack of
confidence, and none of the patients practiced yoga regularly at
home have been identified as causes of poor results.?’ One study
has observed beneficial effects in BMI, but there were no differences
in waist circumference and waist-to-hip ratio.”” Practice of yoga
exercises significantly affects in reducing body weight in obese
individuals with T2DM.''® Further studies need to be conducted
to prove the effectiveness of yoga in the control of T2DM-related
obesity.

Oxidative Stress

Several studies have identified oxidative stress as one of the
major components associated with T2DM. Breathing techniques
and meditation therapies included in yoga practice may provide
anti-stress effects.'>?%38 Improvements in some biochemical
parameters related to T2DM have been obtained after paying
attention to stress reduction.® Malondialdehyde (MDA), protein
oxidation (POX), superoxide dismutase (SOD), and phospholipase
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A2 (PLA2) have been identified as oxidative stress biomarkers.
Malondialdehyde forms as a result of lipid peroxidation, and serum
MDA concentrations are higher in patients with T2DM. Six months
of yoga practice have significantly reduced the concentration of
MDA by 19.9% compared with the baseline value."" In another study,
participants of the yoga group achieved significant improvement
in MDA, which led to a mean 20% reduction of oxidative stress.!” A
study on 20 subjects with T2DM also showed a significant reduction
of serum MDA and a significant increase of SOD compared with the
baseline values.?' Forty days of yoga practices significantly reduced
the serum MDA concentration from 6.7 to 3.4 nmol/mL.2° However,
it is worthwhile to take into consideration, the intervention of a
patient’s lifestyle through yoga or any other process may create
stress conditions in certain individuals and that could be more
harmful than beneficial effects achieved from healthy practices.®

Fasting Blood Glucose and Post-prandial Blood Glucose

Most studies have examined the effect of yoga on FBG level and
post-prandial blood glucose (PPBG) level. Some studies have
reported a significant contribution of yogic practices for the
reduction of FBG and PPBG, while some studies did not observe
a significant reduction of these parameters. Study followed for 40
days has observed reduction of FBG (from 210.7 to 140.4 mg/dL)
and PPBG (from 305.5 to 230.5 mg/dL).2* Another study followed
for the same period of time showed a significant reduction of FBG
(190.1-141.5 mg/dL) and PPBG (276.5-201.7 mg/dL).3° A different
study conducted for a very short period found a significant
reduction of FBG compared with the baseline value.® Another
study conducted for 6 months found a significant decrease of FBG
by 29.48%, while the reduction of the control group was 7.48%."
A 3-month course of yoga exercises has observed a reduction of
FBG starting from the 15th day but the fall was not statistically
significant. At the end of the study period, a significant reduction
of both FBG and PPBG was observed."? A study of 20 participants
(12 males and 8 females) observed a significant reduction of FBG
and PPBG.%' Female individuals showed a greater reduction of FBG
compared with male participants. Also, the reduction of FBG in
participants within the age group 50-59 years was not significant
compared to the age group of 40-49 years. Reduction of FBG and
PPBG was more significant in patients with poor glycemic control
(FPG >126 mg/dL and PPPG >140 mg/dL) than in patients with
good glycemic control (FPG <126 mg/dL and PPPG <140 mg/dL).?'
Another 3-month study of yoga intervention showed a significant
decrease in FBG and nonsignificant reduction of PPBG in the sample
group while a continuation of medication in the control group has
failed to reduce the FBG and PPBG levels at the end of the study
period.?

Several studies observed a significant reduction of FBG”2>26:38:39
or both FBS and PPBG at the end of the study period,*6101417-20.23,34
and several other studies have also observed a nonsignificant
reduction of FBG after the study period.?®

HbATc

Most of the yogic interventions had a significant effect of lowering
the HbA1c value in patients with T2DM. One study observed better
glycemic control (HbA1lc from 9.03 to 7.83) after 40 days of yoga
intervention.?° A significant decrease in HbA1lc observed in several
studies,'”"1921:244041 \while some recent studies have observed
nonsignificant changes in HbA1lc at the end of the yoga intervention
study period.>?%37
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Lipid Profile

There are several evidence about the beneficial effects of yoga
intervention in improving blood cholesterol levels in patients
with T2DM. A study conducted for 10 days showed that the
concentrations of serum TC, LDL cholesterol, VLDL cholesterol,
TC/HDL ratio, and TG were significantly lower, and HDL cholesterol
significantly higher compared with the baseline values.® In another
study that compared yoga and other physical exercises found a
significant reduction in serum TC in both groups at the end of
the study period. No significant differences were observed in the
concentration of serum TG, VLDL, LDL, and HDL levels in the yoga
and conventional exercise groups.'" A significant improvement in
lipid profiles was observed in a study followed for 45 days of yoga
intervention, but theimprovement was not similarin all participants
of the study. As a percentage, only 13.66% of patients showed an
increase in the concentration of HDL. 25.80%, 20.91%, and 18.18%
of patients had a reduction of VLDL, LDL, and TC, respectively.?3
Another study has observed a significant reduction in TG and LDL,
but HDL concentration change is not statistically significant.”
Twelve weeks of yoga intervention has observed that the yoga
group had statistically significant changes in TC, TG, HDL, and LDL
levels.?> Another comparison study of yoga and other physical
activities showed that HDL was increased and the concentration
of LDL was reduced with a significant difference in the yoga
intervention group. Triglycerides, TC, and VLDL have reduced
significantly in both groups.' A study conducted a residential yoga
program for 6 weeks and followed at home for 12 weeks found that
a significant decrease in TC and TG and a nonsignificant reduction
in the concentrations of LDL, VLDL, and HDL.? Finally, several other
studies have observed a significant effect of lipid profile at the end
of the study period.2%32

Adherence to the Yoga Program

Beneficial effects on outcomes would directly rely on continuous
attendance to the yoga sessions and regular practice at home.
However, continuous adherence to yoga practice is a challenge. The
attendance percentage varies from study to study. Several studies
have monitored and included the attendance data of each yoga
session. One study has shown to have 95.25% of overall attendance
for classes.”” In another study, participants were encouraged to
do group discussions to enhance the adherence and retention
of participants in the study, and all participants completed the
yoga program with an average attendance of 81.3%.%° A study
followed for 12 weeks of yoga classes reported having an overall
50% attendance, and none of the participants had practiced yoga
regularly at home.?* In another study, >80% of attendance for
the yoga classes were considered as regular,” and it was indicated
that most of the participants had undergone classes regularly. In
a different study, patients who did not attend the complete study
were excluded from the final analysis.* One study indicated that
participants in the yoga group (70%) had higher overall attendance
than the control group (63%)."° In most of the interventions,
participants were asked to continue the home practice and maintain
a daily log./8114

Possible Mechanism of Yoga in the Management of T2DM

The exact mechanism of action of yoga in the management of T2DM
is still unknown. Several hypotheses are describing the science
behind yoga can link the benefits of doing yoga with diabetes
management. Most studies hypothesize that the postures (asana)
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might have a beneficial effect on every bone, joints, tissue, and
organ in the body. Stretching and relaxation processes happening
in tissues during each posture may boost the direct regeneration
of beta cells of the pancreas. As a result, the sensitivity of insulin at
target tissues may increase and, consequently which may increase
the uptake of insulin, and eventually, it may reduce the blood sugar.
Improved sensitivity or increased production of liver enzymes
could enhance the metabolism of lipids and lipoproteins, which
may increase the uptake of TG by adipose tissues'”>*3 Breathing
exercises may be involved in the metabolicrate and stress relaxation
processes. Combined beneficial effects resulting from postures,
breathing techniques, and meditation along with conventional
medicine may offer a better feeling of general well-being.”

Limitations of Studies on Yoga

The findings of studies limit the generalizability of results because
of their limitations. Major limitations include small sample
size,>17.26:31.3437 nonrandomized allocation of participants into
groups,'®*?"?¥ poor collection of data,*' participant selection,’
intervention,?>3* the absence of a control group to compare the
outcomes,>?22% adherence of participants to the study.” Short
duration of the intervention?*?” and selecting the patients from
the same locality.?’

SummARY AND CONCLUSION

Obese, physically inactive persons are at a high risk of having
T2DM. Prevention or management of this epidemic disease could
be achieved through education, adopting a healthy lifestyle with
the required medications, and continuation of healthy living. Yoga
is one such lifestyle intervention practice that has been identified
and proved for its beneficial effects on T2DM and associated
complications. According to the evidence of past literature used
for this review, yoga plays a significant role in the prevention and
management of T2DM through the improvement of weight, BP,
glycemic parameters, lipid profile, and oxidative stress. Side effects
or complications due to yogic practices have not been mentioned
up to date in any study conducted. Further studies are much needed
with standard study designs considering adequate sample size,
appropriate control group, study duration, and course content (right
combination of frequency and duration). Most of the studies have
been conducted in India, and more studies should be conducted
to evaluate the effectiveness of yoga in different populations with
different lifestyles.
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