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ABSTRACT

Background and Purpose: A plethora of studies have been conducted in the past, which have 
proven the salutary effects of yoga practice. Yoga and other mind body techniques are deemed 
as stress relievers and have shown therapeutic effectiveness in preventing the development and 
progression of several lifestyle diseases including Diabetes. Yoga practice may help in managing 
Diabetes by regulating the glucose levels in blood. In this study we have evaluated the efficacy 
of three months of AYUSH-approved Diabetic Yoga Protocol (DYP) on high-risk individuals.
Methods: Thirty three high-risk female participants with Indian Diabetes Risk Score (IDRS) ≥60 
was recruited for a period of three months. The participants were divided into Diabetic Yoga 
Protocol Group (N = 18) and Control Group (N = 15). Alteration for selected glycemic, psycho-
logical, and anthropometric parameter of individuals was examined at the baseline and after 
three months of Yoga practices.
Results: The three months of Yoga practice demonstrated significant changes on the levels of 
HbA1c (p = 0.010), Body Mass Index (BMI) (p = 0.006), sustained attention (p = 0.012), general 
health (p = 0.002), state anxiety (p = 0.001), perceived stress (p = 0.004), IDRS (p<0.001) and 
overall Quality of life (p<0.001). However, no significant changes were seen for Fasting Blood 
Sugar (FBS), and Waist Hip Ratio (WHR). While, in the control group, IDRS (p = 0.019) was sig-
nificantly increased, significant decrease in BMI (p = 0.011) and state anxiety (p = 0.016) was 
observed. However, no significant changes were seen in HbA1c, FBS, WHR, Sustained Attention, 
General Health, Perceived Stress and Overall QOL.
Conclusion: The findings of the present study are suggestive of DYP as a possible application 
for public health intervention regime for women.
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Introduction

Diabetes is a chronic epidemic whose prevalence is increas-
ing across the globe causing a major economic burden on the 
society (1,2). According to the International Diabetes Feder-
ation, 72.9 million people have been reported to suffer from 
Diabetes in India (3). It is the seventh principal cause of death 
as per WHO estimates. There are several micro-and macro-
vascular complications known to be linked with Diabetes and, 
therefore, timely detection of the disease at prediabetic stage 
might help prevent its onset (4). 

In the modern scenario, lifestyle risk factors like obesity,  
sedentary lifestyle, urbanization, poor eating habits are the 
most prevalent causes for the onset of Diabetes and Predia-
betes (5). Prediabetic condition is a state which occurs prior 
to the onset of Diabetes (6,7) and can be treated if appropri-
ate measures are taken. Impaired fasting glucose (IFG) and 
impaired glucose tolerance (IGT) are its other forms (8). Risk 
factors including parental history, physical inactivity (9), age 

etc. are all considered as contributors in the development and 
progression of Diabetes. Safford et al. (2005) revealed that lack 
of sleep, anxiety, depression and stress are the main culprits in 
Asian Population (10). To detect the undiagnosed Diabetes and 
high risk individuals in Indian population, Mohan et al. (2005) 
developed the “Indian Diabetes Risk Score” (IDRS), which is a 
well-established method based on four simple criteria: a) age, 
b) level of physical activity, c) family history and d) waist cir-
cumference (11). Studies suggest that inactive lifestyle and 
poor diet are the modifiable risk factors in prediabetic people 
(12,13). In the current post-modern living, there is need for 
non-pharmacological lifestyle modification tools to prevent 
Diabetes and other diseases (14). Previous reports indicate 
that adopting a healthier lifestyle along with standard treat-
ment (15) may diminish diabetic complications and may also 
decrease the risk rate of Diabetes by 63%–65% in prediabetics 
(16). In addition, there is a 58% reduction in risk of conversion 
of Diabetics through lifestyle intervention, which focus upon 
weight loss, and enhancement of physical activity (17).
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Yoga is an ancient Indian discipline, which is focused 
upon synchronization of mind, body and soul. The practice of 
Yoga comprises of various pranayama (breathing practices), 
asanas (Physical postures) and Dhayana (meditation) (18). It 
is based on the wholesome treatment of the individual, which 
focuses on a healthy body free of toxins, purification of mind 
and emotional well-being. In Yogic philosophy, it is believed 
that the cause of disease is not only physical but also its men-
tal and emotional aspects may play an equally significant role. 
Therefore, for management of ailments, treatment strategy 
must address both physical and mental aspects alike (19).

Furthermore, Yoga has been found to have a positive im-
pact on pre-diabetic individuals especially regarding risk re-
duction of Diabetes along with reducing the cardiometabolic 
risk. (20). There are some studies which have reported other 
lifestyle interventions like dietary change and inclusion of 
physical activity that aid weight loss and delay the conversion 
from prediabetics into diabetes (21–23) but the role of Yoga 
in enabling the same has not been overemphasized. Several 
lines of evidence have shown that lifestyle modification mea-
sures are protective and a cost-effective method to prevent 
and manage the disease (22, 24–26). 

In the changing scenario, the Diabetes severely affected 
the rural areas in India with expected increasing trend from 
1% to 4–10% annually. The increasing prevalence of Diabe-
tes in the rural areas is a matter of concern as the major part 
(72.2%) of Indian population resides in the rural regions (27). 
Hence, the timely preventive strategy like Yoga might helps in 
delaying the onset of Diabetes in rural population. In the pres-
ent study, we wanted to examine the biochemical, anthropo-
metric and psychological effects of DYP on high-risk individ-
uals in order to understand the impact of Yoga as a promising 
preventive strategy for prediabetic individuals in rural Indian 
women.

Methods

Recruitments

A door to door screening was carried out for the identifica-
tion of high-risk individuals among the rural population of  
Chandigarh (U.T) based on IDRS. Furthermore, written in-
formed consents were taken from every participant during 
door to door screening as well as at the time of registration. 
The study protocol was approved by ethics committee of Pan-
jab University Institutional Ethics Committee (PUIEC) vide 
letter no. PUIEC/2017/80/A-1/08/08.

Out of 71 screened participants those with less than 
IDRS 60 score (N = 34) were excluded from the study. The 
high risk individuals with IDRS score ≥60 were included in the 
study and to the remaining 37 subjects were further divided 
into two equal groups i.e Yoga Group (N = 19) and Control 
Group (N = 18) assessed for Biochemical (FBS & HbA1c), Psy-
chological (Attention, State anxiety & Perceived Stress), and 
Anthropometric (BMI & WHR) parameters. Moreover, General 
Health and Quality of life of the participants was also mea-
sured. Initially, 37 participants were recruited in the study. At 

the end, there were 33 participants with one dropout in Yoga 
group and 3 dropouts in control group. The major exclusion 
criteria in the study was known Diabetics, or any major dis-
ease or illness. Figure 1 shows the schematic presentation of 
the study participants.

Fig. 1: Schematic representation of the study participants.

Measures

The study population consisted of healthy individuals (n = 14), 
Pre-diabetics (n = 15) and Diabetics (n = 4) cases. The assess-
ments viz: Body Mass Index (BMI), Waist Hip Ratio (WHR), 
Fasting Blood Glucose, HbA1c, Perceived stress scale (PSS), 
State and Trait Anxiety (STAI,) General Health, Quality of 
Life (QOL), Sustained attention were carried out at Baseline 
and after 3 months. Socio-demographic characteristics of the 
study participants are provided in Table 1.

Table 1: Sociodemographic characteristics of the study participants

Socio-Demographic Characteristics (n = 25) Values
Age (Years) 42.27 ± 8.18
Gender (Female Only) 38
Yoga Group
Dropouts
Control Group
Dropouts

19
1

18
3

Previous Yoga Experience Yes-0
No-33

Marital Status Yes-33
No-0

Education Level
Illiterate
Primary School
Middle School
High School
Senior Secondary School
Graduate 
Post Graduate

6
6
1

10
5
3
2

Occupation
Household
Self Employed
Working

27
2
4
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The biochemical assessments such as FBS and HbA1c% 
were measured after collection of blood sample by a diag-
nostic laboratory using standard diagnostic procedures. 
Fasting blood sugar (FBS) (Rxl-Max 500) was measured in 
early morning after 10-12 hrs of fasting and the level of A1c  
(Bio-Rad D-10) was also estimated. 

The BMI and WHR of the participants was calculated 
by using the formulae: BMI = weight (in Kilograms)/height  
(in meters)2 and (W/H) respectively. 

The attention level of the participants was assessed by 
six letter cancellation test (SLCT) constructed by Natu and 
Agarwal (1997). This task consisted of 22 columns and 14 
rows of random letters and the participants were required to 
cancel only the six-letter mentioned in the sheet within the 
90 seconds. The net attempted score was obtained by sub-
tracting the wrongly attempted letters from the total attempt-
ed letters. (28)

The State anxiety of the participants was assessed by 
using the sub-scale of state and trait anxiety inventory con-
structed by Spielberger (1983). This sub-scale comprised of 
20 questions. The reverse scoring was done for 10 items. (29) 
Moreover, the perceived stress of the participants was evalu-
ated by Perceived Stress Scale (PSS) made by Cohen, Kamarck, 
Mermelstein (1994). This questionnaire used consists of 10 
items and reversed scoring was done for 4 items. (30)

The General health was analysed by using General 
Health Questionnaire –12 (GHQ-12). The scale contained 12 
items and measures and the level of psychological distress in 
the participants (31). The Quality of Life of the participants 
was assessed using the by BREF-WHOQOL scale. The scale 
consisted of a total of 26 items which further divided into four 
domains i.e. physical domain, social domain, psychological 
domain and environmental domain. The reverse scoring was 
done for three items. (32)

Interventions

A Yoga Centre was identified for this study in the rural village. 
The DYP which is especially designed for prediabetics and 
diabetics was administered in this study for a total duration 
of 60 minutes. The Yogic practices included: Starting prayer, 
loosening exercises, Suryannamskara and asanas, Pranayam, 
and meditation. The entire protocol was published previously 
(33). The Yoga session was administered or taught by quali-
fied Yoga instructor(s).

Statistical analysis

Statistical package for social sciences (SPSS), version 22.0. was 
used for statistical analysis. First, the normality of the data 
was tested or quantified by using the Kolmogorov-Smirnov  
test. The data was found to be normally distributed for all 
the variables (p > 0.05). The paired t-test was used to find 
out the differences and changes at baseline and after three 
months yoga practice. p value along with mean, SD and CI 
was also calculated. p value <0.05 was considered statistically  
significant.

Results
The baseline characteristics of the participants in both Yoga 
and Control group are shown in Table 2. Our findings revealed 
significant improvement in glycated haemoglobin (p = 0.010), 
BMI (p = 0.006), IDRS (p<0.001), SLCT (p = 0.012), general 
health (p = 0.002), state anxiety (p<0.001), PSS (p = 0.004), 
social (p = 0.006), and psychological (p = 0.026), domains 
of QOL and overall QOL (p<0.001) in DYP group after three 
months Yoga practice in high risk individuals as shown in  
Table 3 and Figure 2. However, no statistically significant 
changes were seen for Fasting blood sugar, Waist hip ratio 
(WHR), Physical and environmental domain of QOL as Shown 
in Figure 2 and Table 3.

In control group the finding shows significant increase 
in IDRS (p = 0.019), and significant decline in BMI (p = 0.011), 
STAI (p = 0.016) after three months as shown in Figure 3 
and Table 3. However, no significant changes were observed 
in Hba1c, FBS, WHR, Attention, PSS, Physical, Psychological, 
Social, Environmental domain and Overall QOL as shown in  
Figure 3 and Table 3. Moreover, in DYP group more people 
were found converted into healthy individuals (44.44% to 
72.22%). Similarly, in the Prediabetic group the proportion 
of Prediabetics dropped (44.44% to 16.67%) after three-
months as shown in Figure 4 (a) in comparison with control 
group as shown in Figure 4 (b). In both the groups no changes 
was observed in Diabetic group.

Table 2: Baseline characteristics of the participants in the DYP and 
Control group

Characteristic Yoga group  
n = 18

Control group  
n = 15

IDRS 71.67 ± 10.43 70.67 ± 10.33

Age (years) 40.55 ± 7.94 44.33 ± 8.25

BMI 30.45 ± 5.60 30.80 ± 3.90

WHR 0.89 ± 0.068 0.90 ± 0.063

FBS 86.52 ± 13.56 91.45 ± 22.95

HbA1c 5.77 ± 0.48 5.9 ± 0.57

SLCT 20.89 ± 9.76 19.93 ± 9.82

GHQ 13.94 ± 4.30 12.53 ± 4.08

STAI 44.61 ± 10.27 46.33 ± 9.66

PSS 18.72 ± 5.42 21 ± 3.53

PHYSICAL 54.28 ± 9.91 58.87 ± 7.13

PSYCHOLOGICAL 50.77 ± 9.33 55.47 ± 9.16

SOCIAL 59.67 ± 12.61 63.33 ± 15.40

ENVIRONMENTAL 72.11 ± 8.72 70.6 ± 9.40

OVERALL QOL 236.83 ± 18.33 246.6 ± 27.23
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Table 3: Table showing changes in selected Biochemical, Anthropometric, Psychological and General wellbeing assessments in Mean, SD and 
SEM values at baseline and after 3 months in DYP and Control Group

DYP Group Control Group

Variables Baseline
(Mean ± SD)

(95% CI)

3 Months P Value Baseline
(Mean ± SD)

(95% CI)

3 Months P Value

HbA1c 5.77 ± .48 5.58 ± .52 0.010 5.90 ± .57 5.70 ± .468 0.175

FBS 86.52 ± 13.56 81.52 ± 13.41 0.231 91.44 ± 22.95 92.78 ± 23.69 0.758

BMI 30.45 ± 5.60 29.66 ± 5.42 0.006 30.80 ± 3.90 30.18 ± 3.70 0.011

WHR .89 ± .068 .90 ± .0528 0.313 .90 ± .063 .88 ± .0531 0.277

SLCT 20.89 ± 9.76 27.89 ± 13.01 0.012 19.93 ± 9.82 20.13 ± 11.41 0.909

GHQ 13.94 ± 4.30 8.56 ± 4.36 0.002 12.53 ± 4.085 12.67 ± 2.34 0.690

PSS 18.72 ± 5.42 13.78 ± 3.32 0.004 21.00 ± 3.53 18.20 ± 5.21 0.052

STAI 44.61 ± 10.27 32.00 ± 11.57 0.001 46.33 ± 9.66 38.00 ± 6.98 0.016

IDRS 71.67 ± 10.43 64.44 ± 13.38 <0.001 70.67 ± 10.327 74.00 ± 11.21 0.019

Physical Domain 54.28 ± 9.91 58.17 ± 9.60 0.116 58.87 ± 7.13 56.40 ± 8.55 0.237

Social Domain 59.67 ± 12.61 72.94 ± 13.20 0.006 63.33 ± 15.40 65.80 ± 12.44 0.510

Psycho Domain 50.78 ± 9.33 58.72 ± 9.07 0.026 55.47 ± 9.16 57.06 ± 6.73 0.543

Environmental Domain 72.11 ± 8.72 73.33 ± 9.54 0.677 70.60 ± 9.40 71.00 ± 10.52 0.867

QOL 236.83 ± 18.33 263.17 ± 30.08 <0.001 246.60 ± 27.22 250.27 ± 29.58 0.543

Data Expressed in Mean, SD, SEM and Statistical significance (p< .001***, p = 0.001**, p = 0 .002**, p = 0 .004**, p = 0 .006**, p = 0.010*, p = 0.011*, p = 0.012*,  
p = 0 .016*, p = 0.019*, p = 0.026*) HbA1c – Glycated Haemoglobin, FBS – Fasting Blood Sugar, BMI – Body Mass Index, WHR – Waist Hip Ratio, SLCT – Six Letter 
Cancellation Test, GHQ – General Health Questionnaire, PSS – Perceived Stress Scale, STAI – State and Trait Anxiety, IDRS – Indian Diabetes Risk Score, QOL – Quality 
of Life, SD – Standard Deviation.

Discussion

Chandigarh is a city having highest per capita income in the 
country and comprises of a heterogenous population. Accord-
ing to ICMR-India DIABETES [INDIA], a study was done in four 
different regions of India including Tamil Nadu, Jharkhand, 
Maharashtra and Chandigarh and they found that the occur-
rence of Diabetes in Chandigarh was higher in both urban and 
rural areas in comparison with the other three regions. They 
further reported that the occurrence of prediabetes was high-
er in urban areas in three regions except Chandigarh where 
Prediabetes was more prevalent among rural (14.7%) locali-
ties in comparison with urban (14.5%) areas. Moreover, based 
on Indian Diabetes Risk Score (IDRS) in Chandigarh (18.7%), 
the subjects were found to have high risk of development of 
Diabetes. The mean HbA1c was highest in Chandigarh in both 
urban and rural areas (urban-8.7 and rural-9.3) in compari-
son with other three regions. (6). 

Glycated haemoglobin is the most reliable method for 
detecting the glycaemic index in the individuals. A longitudinal 
study carried out for six months at VASK Yoga centre, Banga-
lore studied the proportion of Diabetic patients who adhered 
to Yoga and its effects were analysed on their blood glucose pa-
rameters at baseline, 3 and 6 months. Interestingly, their find-
ings revealed that around 50% of Diabetic patients complied to 
Yoga protocol for a period of six months and benefitted by this 
programme. Their HbA1c levels reduced by the end of 3rd month 

and other clinical parameters also showed improvement (34). 
A meta-analysis has revealed beneficial effects of Yoga which 
included findings showing that Yoga significantly decreased 
HbAc1 levels and cholesterol besides exerting signifi cant clini-
cal outcomes (35). Recently, Ramamoorthy et al. have designed 
a protocol to perform the systematic review and meta-analyses 
on the role of Yoga on prediabetic people/people who are at 
high risk of developing Diabetes (36).

The present study shows the efficacy of three months na-
tional consensus DYP specially designed for Prediabetics (high 
risk individuals) and Diabetics on the biochemical, anthropo-
metric and psychological parameters. In our study, we used 
IDRS to assess the risk of Diabetes and Prediabetes among the 
rural female population. Further, the high risk (>60) individuals 
underwent three months Diabetic Yoga Protocol. The results 
of our study shows statistically significant changes in Glycat-
ed haemoglobin (p = 0.010), BMI (p = 0.006), IDRS (p< 0.001), 
sustained Attention (p = 0.012), General Health (p = 0.002), 
State anxiety (p = 0.001), PSS (p = 0.004), social (p = 0.006), 
and psychological (p = 0.026), domains of QOL and overall QOL 
(p< 0.001) (Shown in table 4 and figure 2: a, b, c, d, e, f, g) in DYP 
group. Our study showed the beneficial effects of Yoga on high 
risk individuals. However, no statistically significant changes 
were seen for Fasting blood sugar, Waist hip ratio, Physical and 
environmental domain of QOL in DYP Group. 

In this study the glycaemic parameters i.e. Glycated hae-
moglobin was significantly reduced even though FBS values 
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did not significantly. However, the decrease in mean FBS 
change was observed. Our results are consistent with various 
studies where glycaemic parameters show improvement by 
Yoga practices. (37-39). However, a study done by Hegde et al. 
(2013) showed mixed results and found no improvements 
on HBA1c but improvement in FBS (40). The present study 
shows significant decrease in BMI among the participants, 
but no improvement was seen in WHR. Similar results were 
reported by other studies having improved BMI but no im-
provements at WHR (40,37). However, none of these studies 
used a standardized national consensus DYP protocol of Yoga. 
In contrast, some studies show improvements at WHR after 
other Yogic practices. (41,42). Based on IDRS, there is a statis-
tically significant difference among the high- risk individuals. 
A study conducted by Keerthi et al (2009) also shows statisti-
cally significant improvement on IDRS in Diabetics and Predi-
abetics in comparison with controls (44). Sustained attention 

was also measured in our study. Sustained attention is the 
ability of an individual to perform the task within specific  
time, which further shows the individual focus and mental 
stability. General health includes overall well-being of the in-
dividuals, not just freedom from diseases which can be ana-
lyzed by a standardized battery. For instance, our study shows 
improvements in general health and sustained attention (43) 
of the individuals after Yoga practices. These results are con-
sistent with another study (44). Perceived stress is another 
parameter, which refers to the individual response to inter-
action with the environment. In our study, statistically signif-
icant improvement was found among Yoga participants on 
Perceived Stress after Yoga, which was documented, in some 
another studies (45,46). Additionally, State Anxiety (current 
feeling of the individual) (47,48) and Overall QOL (49,50) 
were reportedly improved and these results are consistent 
with contemporary studies.

Fig. 2: Bar Diagrams showing changes for selected parameters i.e. Biochemical (a, b), Anthropometric (c, d), Psychological (e), Risk Status (f), 
and Quality of Life (g) assessments taken at baseline and after 3 months with statistical significance for selected parameters in DYP Group
Data expressed in Bar Diagrams with  standard unit values for each variable (p<0.001***, p = 0.001**, p = 0.002**, p = 0.004**, p = 0.006**, p = 0.010*, p =  0.012*,  
p = 0.026*) in DYP Group.

(c)

(f)

(b)

(e)

(g)

(a)

(d)
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Fig. 3: Bar Diagrams showing changes for selected parameters i.e  Biochemical (a, b), Anthropometric (c, d), Psychological (e), Risk Status (f), 
and Quality of Life (g) assessments taken  at baseline and after 3 months with statistical significance for selected parameters in control Group.

Data expressed in Bar Diagrams with standard unit values for each variable (p = 0.011*, p = 0 .016*, p = 0 .019*) in Control Group.

(a) (b) (c)

(f)(e)(d)

(g)

In control group, IDRS was increased significantly and 
BMI and STAI was found reduced significantly after three 
months, as shown in Figure 3 and Table 4. However, no signif-
icant changes were observed in the level of HbA1c, FBS, WHR, 
Sustained Attention, Perceived stress, Physical, Psychological 
and Social measures. Environmental domain and Overall QOL 

in controls, in comparison with DYP group, has been shown in 
Figure 3 (a, b, c, d, e, f, g) and Table 4. Both the groups shows 
significant decline in BMI (DYP-p < .006, Control- p < .011). In 
control group the decrease in BMI was observed which may be 
due to dietary pattern of the control group. The limitation of 
the study that it did not control the dietary pattern of the study 

Fig. 4: Conversion rate of prediabetics and newly Diabetics in DYP and Control group after 3 months.
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participants remain to be recapitalised by undertaking con-
trolled studies such as barracks, boarding schools or prisons. 
Moreover, both the groups also showed significant decline in 
State Anxiety (DYP- p = 0.001, Control- p = 0 .019*). The reason 
for decline in State Anxiety in Control Group was unclear. How-
ever, other Psychological parameters in control group did not 
shown improvements in comparison with DYP Group. 

The breathing techniques focus upon conscious slow 
breathing and long exhalation, which is believed to trig-
ger parasympathetic nervous system thus bringing positive 
changes. Diabetes mellitus is linked with various psychological 
factors like stress and anxiety. Stress hampers immune system 
of the body and has a poor impact on psychological state of an 
individual. Yoga is believed to increase the insulin sensitivity of 
beta cells (pancreas) to glucose signals in Diabetes mellitus. It 
is possible that Yoga, through neuro-endocrinal system, mod-
ifies the insulin secretion by unknown mechanisms, enabling 
maintenance of the normal glucose level in the body besides 
alleviating insulin resistance.

Limitations and scope for future study
The present study is the pilot study carried out on the 33 fe-
male participants. This study lacked the male participants and 
the sample size was small. Due its small sample size, we are 
unable to generalize its impact on larger population. Howev-
er, the pilot study suggests that Yoga not only exerts effective 
control of glycaemic and anthropometric parameters but also 
the psychological parameters among high risk individuals.

Conclusion 
The results from our study show the beneficial effect of Yoga 
especially when encapsulated as DYP. Therefore, this study 
supports the efficacy of DYP on glycaemic parameters on high 
risk females. Yoga reduces the risk of Diabetes among high 
risk individuals by reducing the IDRS score among high risk 
females. It is difficult to conclude whether the amelioration of 
physical and biochemical parameters result from the psycho-
logical changes brought about by Yoga as it will require long 
term studies.
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