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Background & objectives: Several diabetes prevention programmes have demonstrated a reduction
in incidence of diabetes in individuals with prediabetes through weight loss. Short-term yoga-based
lifestyle intervention programmes have also been shown to be efficacious in weight loss. This study was
undertaken to investigate if interleukin (IL)-6, vitamin D, neopterin, vaspin, and diabetes risk factors
can be modified by a short-term yoga-based lifestyle intervention in overweight/obese subjects.

Methods: In this pilot study, 34 overweight/obese [body mass index (BMI) >23 to <35 kg/m* per Asian
cut-off values] individuals were enrolled, and received directly supervised intervention for 10 days.
Thereafter, they were advised to follow this yoga-based lifestyle at home for one month, and were
reassessed for study variables at day 30.

Results: There was a reduction from baseline to day 10 in weight (P<0.001), BMI (P<0.001), waist/
hip-ratio (P<0.05), blood glucose (P<0.01), and a significant improvement in lipid profile. There was a
decrease in median fasting insulin (P<0.05), homeostatic model assessment-insulin resistance (£<0.01),
and IL-6 (P<0.05). A non-significant increase in 25-OH-vitamin D, and a decrease in neopterin and
vaspin were observed. Twenty subjects returned for follow up assessments. At day 30, weight loss was
sustained while systolic blood pressure also showed reduction (P<0.05). Changes in vitamin D levels
were significantly and negatively correlated with changes in weight, BMI and fasting blood glucose, and
positively with change in high density lipoprotein. Changes in body weight and BMI significantly and
positively correlated with insulin. Changes in IL-6 levels positively and significantly correlated with
change in neopterin levels.

Interpretation & conclusions: The findings showed that IL-6, vitamin D, and diabetes risk factors
were favourably modified by a short-term yoga-based lifestyle intervention in obesity. This study also
highlighted the challenges in compliance associated with the follow up of subjects following an aggressive
supervised intervention of 10 days.

Key words Diabetes risk reduction - IL-6 - overweight/obesity - short-term yoga-based lifestyle intervention -
vitamin D - weight-loss
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Obesity is an independent risk factor for insulin
resistance' leading to persistently impaired glucose
tolerance culminating into diabetes mellitus type 2.
This association between obesity and diabetes has
been attributed to adipocytokines, namely adiponectin,
interleukin-6 (IL-6), interferon-y, and tissue necrosis
factor-o. that not only alter insulin resistance?, but
are also associated with adverse cardiovascular
outcomes related to diabetes®. Visceral adipose tissue
also expresses vaspin (visceral adipose tissue serine
protease inhibitor), which has unique insulin sensitizing
effects on adipose tissue*. Another important diabetes
risk factor is hypovitaminosis of vitamin D’ as it
has an inverse association with insulin resistance®.
Additionally, dyslipidaemia in obesity leads to high
levels of triglycerides and circulating fatty acids that
impair insulin-mediated glucose uptake by muscle
cells further contributing to insulin resistance’.

Baseline overweight is the strongest predictor of
diabetes and accounts for 82 per cent of the diabetes
risk together with reduced physical activity, alcohol
abuse, smoking, and low serum vitamin D shown to be
efficacious® mainly due to improved insulin sensitivity
and glucose homeostasis’, thus playing a significant
role in diabetes prevention programmes (DPP). The
US DPP and the Finnish DPP, which enrolled a large
number of patients, demonstrated that the incidence
of diabetes could be reduced by almost 60 per cent in
patients with prediabetes through weight loss resulting
from changes in diet and physical activity'®!!, though
only one study reported a significant reduction in blood
glucose in individuals with prediabetes'2.

Such benefit can also be ensued by interventions
that reduce inflammation, improve insulin sensitivity
and delay disease onset and/or progression such as
lifestyle interventions, though not much information
is available. We have earlier shown that even a short-
term yoga-based lifestyle intervention was efficacious
in weight loss, reduced inflammation and stress'?, and
positively influenced cardiovascular risk factors'*!>,
However, the efficacy of a short-term yoga-based
lifestyle intervention in improving inflammation and
levels of vitamin D along with diabetes risk factors in
overweight/obese subjects has not been evaluated. The
current pilot study was, therefore, planned to evaluate
the effectiveness of such an intervention on IL-6,
vitamin D, neopterin, vaspin, fasting blood glucose,
insulin resistance, waist/hip ratio, lipid profile, and
blood pressure in overweight/obese subjects with a
follow up at one-month.

Material & Methods

This pilot study was conducted between December
2011 and December 2012, at the All India Institute of
Medical Sciences (AIIMS), New Delhi, India. The
study evaluated the effect of a short-term yoga-based
lifestyle intervention on IL-6, vitamin D, and diabetes
risk factors in obesity. The study was also aimed to
determine the feasibility, sustainability, compliance
and effectiveness of this short-term intervention (10
days) during a longer follow up i.e. up to one month.
The study protocol was approved by the Institute’s
Ethics Committee. All participants provided their
written informed consent. This preliminary trial was
registered at Clinical Trial Registry India (CTRI),
CTRI/2013/01/004502.

Study participants: This study included 34 overweight/
obese individuals (21 male and 13 female, mean age
36.79 £ 9.9 yr), who were recruited from the Integral
Health Clinic (IHC), Department of Physiology,
AIIMS, New Delhi. All the consecutive individuals
who fulfilled the inclusion criteria were included in the
study. The overweight/ obese subjects come directly to
IHC or are referred from outpatient departments (OPDs)
like Medicine/ Endocrinology. The body mass index
(BMI) range of overweight/obese subjects (BMI > 23
to <35 kg/m?) was taken as per Asian cut-off values as
a BMI of > 23 is now considered overweight and more
than 25 is taken as obese for Asian population, which is
lower than that for the Western population'. Subjects
with previously diagnosed diabetes, cardiovascular
diseases, hypertension, and other chronic diseases
were excluded. Also, excluded were heavy alcoholics
and smokers, physically challenged subjects who
were unable to perform the exercises, and those on
other extensive dietary and/or exercise intervention
programmes or regimens in the last three months.
Pregnant and lactating women were also excluded
from the study.

Lifestyle intervention: This lifestyle intervention was
an outpatient, short-term yoga-based programme,
and consisted of a 10-days integrated and pretested
intervention. It comprised theory and practice sessions
underdirectsupervision of yogaand medical experts'>-'3.
Briefly, a typical day in the programme started with a
set of simple physical exercises (asanas) and breathing
exercises (pranayama) for approximately one hour.
This was followed by an interactive educative lecture
on weight management, and group discussion that
allowed the participants to understand the importance
of a healthy lifestyle and weight management in
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prevention of diabetes. Specific sessions were devoted
to the importance of physical activity and diet in
achieving optimal weight, and stress management.
The participants were advised to take a healthy diet
including 50-60 per cent carbohydrates, 15-30 per cent
fats and about 10 per cent proteins'’. Grossly, it was
advised that diet should include a variety of fiber-rich
cereals and pulses, about 400 to 500 g of fresh fruits
and vegetables, preferably mono- and poly-unsaturated
fats, and moderate amounts of dairy products. For the
non-vegetarians, it was suggested that the consumption
of red meats should be avoided, and preference should
be given to white/lean meat (fish or chicken). Also, it
was advised that alcohol consumption may be mild to
moderate, if taken at all. Each day’s programme ended
with relaxation through either a relaxation technique
(shavasana) or meditation. The sampling at Day 10 was
done at the end of the concluding session to balance
the immediate effects of relaxation techniques. The
concluding session was of approximately one hour,
and included feedback from each and every participant
and study closeout activities. The programme batches
were usually kept small (6 to 8 participants) to
ensure that each participant spent enough time with
the yoga and medical experts, and the quality of the
programme was sustained. Spouse and other members
of the participant’s family were motivated to attend
the programme in order to facilitate compliance. The
participants were educated about benefits of yoga-based
lifestyle intervention, and long-term benefits of the same
were explained. The study participants were advised to
follow the yoga-based lifestyle at home and to come
for follow up assessments at day 30. However, there
were no specific instructions given. The compliance
was tracked through an attendance register during the
first 10 days into the study while subjects attended the
short-term intervention programme. During follow up
period compliance was checked through phone calls
and subject diaries which were collected on day 30,
and was cross-checked with family member/spouse.

Study assessments: The study assessments included
IL-6, 25-OH-vitamin D and diabetes risk factors such
as obesity, fasting blood glucose, fasting insulin,
insulin resistance, waist/hip ratio, blood pressure,
heart rate, lipid profile (total cholesterol, LDL, HDL
and triglycerides). The levels of neopterin, and vaspin
were also assessed. All the assessments were done at
baseline, day 10, and day 30.

For biochemical assessments, fasting venous blood
samples (7 ml) were collected in plain and heparinized

vials at baseline, at day 10, and at day 30, as appropriate.
All the assessments were done while subjects were
relaxed, and between 0800-0930 h to avoid any biases
due to circadian rhythms. Samples were centrifuged at
2000x g for 15 min at 4° C and the plasma was stored
at -80° C until analyzed. Fasting blood glucose was
assessed using glucose oxidase method (RANDOX
Laboratories Limited, UK). Other biochemical markers
were estimated using commercially available ELISA
kits for insulin, IL-6 (Diaclone, France), vitamin D
(Diagnostika GmbH, Humberg, Germany), vaspin and
neopterin (BMASSAY, China). Insulin resistance was
assessed using homeostatic model assessment-insulin
resistance (HOMA-IR)!®. Serum total cholesterol, high
density lipoprotein (HDL)-cholesterol and triglyceride
levels were estimated using commercially available
kits (Fortress diagnostics, UK), and serum low density
lipoprotein (LDL) cholesterol was calculated by using
Friedwald formula. Quality control assays were
taken for the biochemical markers, and methods were
validated. The intra-assay coefficients of variations for
neopterin, vaspin, IL-6, insulin, and vitamin D were
4.7,4.19, 3.24,4.77, and 3.97 per cent, respectively.

Statistical analysis: Descriptive statistics are provided
for the demographic data and baseline profile. The
mean and standard deviation (SD) values are presented
for parametric data, and median and interquartile range
(IQR) are presented for non-parametric data. The
biomarkers before and after intervention at day 0 and
day 10 were compared using paired sample t-test or
Wilcoxon-signed rank test, as appropriate. The data
at days 0, 10 and 30 were analyzed using repeated
measures ANOVA or Friedman test, as appropriate.
The correlations were tested using Pearson’s test or
Spearman’s test, as appropriate. A two-sided P value of
<0.05 was taken as significant.

Results

All the 34 overweight/obese participants in this
study completed short-term intervention of 10 days.
They were advised to practice the intervention while at
home, and return for follow up assessments at day 30.
The data for 20 subjects could be collected at day 30
as rest of the participants did not return for the follow
up assessments (drop-outs). The results showed that
there was a significant reduction in weight at day 10
vs. baseline (P<0.001), which reflected in a significant
reduction in BMI and waist/hip ratio. Also, there was
a significant reduction in the levels of fasting blood
glucose at day 0 vs. day 10 (P<0.01) (Table I). The
data for insulin, insulin resistance, IL-6, neopterin,
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Table I. Diabetes risk factors before and after lifestyle intervention programme at baseline and day 10

Parameters Pre intervention (Day 0 or baseline) Post intervention (Day10)
N=34 N=34
Weight (kg) 74.00+9.3 7218 £9.1™
Body mass index (kg/m?) 27.52+2.7 2721 +£2.6™
Fasting blood glucose (mg/dl) 108.62 £ 13.0 103.43 £11.7"
Systolic blood pressure (mmHg) 115.2 + 14.95 115.1£15.20
Diastolic blood pressure (mmHg) 76.82 +10.1 76.71 £ 8.4
Heart rate (per min) 77.47 +10.4 69.97+10.9™
Waist/Hip ratio 0.92+0.10 0.90 + 0.80"
Total cholesterol (mg/dl) 175.00 £35.16 167.0 £30.87"
LDL cholesterol (mg/dl) 108.1 +28.05 106.8 £24.75
HDL cholesterol (mg/dl) 42.82+5.0 43.68 +4.3
LDL/HDL ratio 2.489 +0.4637 2.389 +0.3660
Triglycerides (mg/dl) 119.61 +£54.2 102.94 £ 52.3"

Values are expressed as mean + SD
LDL, low density lipoprotein; HDL, high density lipoprotein
P’<0.05, "<0.01, *"<0.001 compared with pre intervention

vitamin D, and vaspin are presented in Table II. There
was a significant decrease in median levels of insulin
(P<0.05), HOMA-IR (P<0.01), and IL-6 (P<0.05)
from baseline to day 10.

The data for one month follow up are presented in
Tables III and IV. There was a sustained and significant
weight reduction from baseline vs. day 10 vs. day
30 (P<0.01) with a similar sustained and significant
reduction in BMI. In addition, there was a reduction
in SBP (P<0.05). There was a significant reduction in
insulin resistance and IL-6 levels from baseline to day
30.

The correlation analysis showed that changes in
vitamin D levels were significantly and negatively
correlated with changes in weight, BMI and fasting
blood glucose, while positively with change in HDL
(Fig. 1). There was a significant positive correlation
between change in body weight and BMI with insulin.
Also, changes in IL-6 levels and body weight positively
and significantly correlated with change in neopterin
levels (Fig. 2).

Discussion

There was a significant weight loss, reduction in
waist/hip ratio, fasting blood glucose, fasting insulin
levels, insulin resistance, IL-6, total cholesterol,
triglycerides, and heart rate following a brief 10-day

yoga-based lifestyle intervention, while reduction in
weight and IL-6 sustained till day 30. Importantly,
the sustainability and compliance of this supervised
intervention of 10 days (short-term) intervention seems
a big challenge in long-term follow up when there is no
direct supervision as seen by the results at day 30.

Lifestyle interventions aiming at weight loss have
been successful in diabetes risk reduction'™'. In the
current study, there was a small but significant weight
loss (average weight loss about 1 kg) within a short time
of 10 days. This is of clinical relevance as for every one
kg of weight lost, the risk of diabetes is reduced by
16 per cent?. There was also a reduction in the waist/
hip ratio, which is an important predictor of diabetes?'.
This is especially pertinent to Indian population which
exhibits central obesity and high fat percentage when
compared to other ethnic groups with same BMI.
Moreover, despite being leaner than population from
West, Indians tend to have higher insulin resistance,
possibly due to higher visceral fat*2. A previous lifestyle
intervention study had similar findings though changes
in fasting blood glucose were not significant®. We also
noted a significant improvement in serum lipid profile
at day 10, and a significant reduction in systolic blood
pressure at day 30.

Adipocytokines like IL-6 and interferon-y (IFN-y)
are known to be related with insulin resistance,
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Table II. Diabetes risk factors before and after lifestyle intervention programme at baseline and day 10

Parameters Pre intervention (Baseline) Post intervention
(Day 0) (Day10)
Insulin (nIU/dl) 8.561 (4.130-14.16) 6.231 (3.70-8.70)"
HOMA-IR 2.38 (1.01-3.58) 1.48 (0.97-2.30) ™
Interleukin-6 (pg/ml) 1.23 (0.85-3.30) 1.09 (0.70-1.28)"
Neopterin (ng/ml) 7.09 (6.57-7.45) 6.85 (6.67-7.32)
Vitamin D (ng/ml) 8.98 (6.56-13.19) 10.37 (8.84-14.06)
Vaspin (ng/ml) 535.6 (505.8-587.7) 528.1 (505.8-592.2)

Median and interquartile range (IQR) values are presented (N=34)
HOMA-IR, homeostatic model assessment-insulin resistance
P*<0.05, ""<0.01 compared with pre intervention

Table III. Effect of lifestyle intervention programme on diabetes risk factors at baseline, days 10 and 30

Parameters Pre intervention (Baseline) Post intervention Follow up
(Day 0) (Day 10) (Day 30)
Weight (kg)™ 75.84 + 8.6 74.87+8.5 74.77 £ 8.7
Body mass index (kg/m?)™ 27.56+2.5 2720+2.4 27.16+2.4
Fasting blood glucose (mg/dl)" 107.2+11.3 101.2+10.8 105+7.2
Systolic blood pressure (mmHg)” 118.5+13.9 114.6 +11.9 112.1 £ 11.1
Diastolic blood pressure (mmHg) 78.05+11.4 78.00 + 8.4 77.03+£9.3
Heart rate (per min)™” 77.00£9.2 68.00 + 8.8 70.80 + 8.0
Waist/Hip ratio” 0.922 +0.1 0.9039+£0.1 0.8966 £ 0.1
Total cholesterol (mg/dl) 171.6 £35.7 165.1 +£32.5 162.3 +28.6
LDL cholesterol (mg/dl) 105.8 +£32.8 103.8 £26.3 101.2+234
HDL cholesterol (mg/dl) 43.47+53 44 +£49 41.68 £6.8
LDL/HDL ratio 2.374+0.5 2319+0.4 2.329+0.3
Triglycerides (mg/dl) 115.1+424 99.84 + 48.6 101.9 +38.8

All values expressed as mean + SD unless specified otherwise (N=20)
LDL, low density lipoprotein; HDL, high density lipoprotein
P'<0.05, 7"<0.01, "<0.001 comparison among baseline, at days 10 and 30

Table IV. Effect of lifestyle intervention programme on diabetes risk factors at baseline, days 10 and 30

Parameters Pre intervention (Baseline) (Day 0) Post intervention (Day 10) Follow up (Day 30)
Insulin (nU/dl) 8.53 (2.96-12.45) 6.024 (2.30-8.59) 6.024 (4.13-8.99)
HOMA-IR" 2.484 (0.71-3.41) 1.497 (0.61-2.19) 1.598 (1.06-2.27)
Interleukin-6 (pg/ml)* 1.23 (0.90-1.35) 0.914 (0.67-1.29) 0.88 (0.81-1.10)
Neopterin (ng/ml) 7.036 (6.49-7.32) 6.903 (6.70-7.32) 7.213 (6.61-7.91)
Vitamin D (ng/ml) 8.961 (5.97-12.82) 10.00 (8.13-13.41) 10.75 (6.86-12.39)
Vaspin (ng/ml) 513.2 (498.3-604.5) 520.7 (503.0-556.1) 533.1 (511.8-585.0)

Median and interquartile range (IQR) values are presented (N=20)
HOMA-IR, homeostatic model assessment-insulin resistance
P'<0.05 comparison among baseline and at days 10 and 30
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diabetes, and its complications**, indicating that
controlling for these may reduce the risk of diabetes,
and its complications. In the present study, there was a
significant reduction in IL-6 levels at days 10 and 30.
This was similar to our earlier studies where this short-
term yoga-based lifestyle intervention was efficacious
in reducing stress and inflammation'?, and prevention/
progression of cardiovascular diseases'®. In addition to
reduction in IL-6, there was a reduction in the level
of neopterin, which is an indirect measure of IFN-y>.
The change in neopterin levels were significantly and
positively correlated with change in body weight and
IL-6.

We also studied vaspin, another adipocytokine
with insulin-sensitizing effects and related to obesity.
There was a subtle increase in vaspin levels in
overweight/obese subjects following intervention,
however, the available data for participants who were
followed for one month remained inconclusive. This
might be because of variable insulin resistance which
is known to affect vaspin levels®®. Since vaspin appears
to be associated with insulin sensitivity, blood glucose
concentration and BMI?, the results are important.

Fasting insulin and HOMA-IR responded
favourably to the intervention with a significant
reduction at day 10, though reduction was subtle at day
30. Since insulin resistance is a key link between obesity
and the risk of diabetes and cardiovascular disease?®, its
reduction is clinically relevant. We also observed that
the levels of fasting insulin decreased with decrease in
weight, and BMI, supporting a previous finding that
overweight/obesity was associated with higher levels
of fasting insulin®. The present study also showed that
there were favourable changes in lipid profile. Similar
finding have been shown in previous studies using
yogic intervention®*'.

Type 2 diabetes has been shown to be associated
with hypovitaminosis D, which is important for
normal insulin secretory responses including release of
insulin from pro-insulin, and increasing § cell insulin
sensitivity*. Insulin resistance is known to be inversely
correlated with vitamin D levels in overweight/obese
individuals®, and its levels may predict the risk of
diabetes and adverse cardiovascular outcome®. In our
study there was only a small increase in the levels of
vitamin D following lifestyle intervention. The change
in vitamin D was significantly and negatively correlated
with changes in weight and BMI, and positively with
the change in HDL-cholesterol levels suggesting that

besides influencing glucose metabolism, vitamin D
levels might also influence lipid profile®.

This study had a few limitations. The key limitation
was a short duration of follow up. The compliance
during the supervised short-term yoga-based
intervention was good, however, the compliance during
follow up was not as per our expectations. This clearly
indicated that following an aggressively supervised
yoga-based intervention of 10 days, sustainability of
this intervention during a follow up period (home-
based) was a big challenge. Therefore, a larger study
with long-term follow up is warranted with more focus
on compliance.

Overall, this short-term yoga-based lifestyle
intervention programme was efficacious in modifying
IL-6, vitamin D, and diabetes risk factors including
fasting blood glucose, insulin resistance, and waist/
hip ratio in overweight/obese individuals as early as 10
days.
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