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Summary 

Changes in blood glucose and glucose tolerance by oral glucose tolerance test (OGTT) after 40 days of 
yoga therapy in 149 non-insulin-dependent diabetics (NIDDM) were investigated. The response to yoga 
in these subjects was categorized according to a severity scale index (SSI) based on area index total (AIT) 
under OGTT curve. One hundred and four patients showed a fair to good response to the yoga therapy. 
There was a significant reduction in hyperglycemia and AIT with decrease in oral hypoglycemia and AIT 
with decrease in oral hypoglycemic drugs required for maintenance of normoglycemia. It is concluded that 
yoga, a simple and economical therapy, may be considered a beneficial adjuvant for NIDDM patients. 
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Introduction 

Diabetes mellitus (DM) seems to be known since 
the evolution of civilization. Sushrutha (500 BC) 
an ancient Indian physician had described it as 
‘Madhumeha’ (excretion of sweet urine). Changes 
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in diet, life style, increased stress are the factors at- 
tributed to the increase prevalence of DM in 
migrated Indians and people of developed coun- 
tries [l-4]. These studies indicated that the 
maintenance of traditional dietary and living pat- 
tern should get high priority in a national health 
care programme of developing countries. Yoga 
has always been an essential part of life and tradi- 
tional system of treatment. There have been a few 
reports on the blood glucose lowering effect of 
yoga practice in diabetics and healthy subjects 
[5-71; however, these studies were conducted on a 
small number of subjects and on diabetic out- 
patients. The present study was undertaken to 
evaluate the response pattern to 40 days yoga 
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therapy programme on 140 hospitalized patients 
non-insulin-dependent diabetes mellitus 

$IDDM) [8]. 

Materials and Methods 

One hundred forty nine (119 men and 30 
women) patients of NIDDM were selected from 
out-patients and admitted for 40 days to the Insti- 
tute’s hospital. Ninety patients were taking oral 
hypoglycemic drugs before admission. None of the 
patients had detectable renal, hepatic or thyroid 
disease. Each patient received a history-taking, 
physical examination, chest radiograph, ECG and 
routine laboratory tests including estimation of 
fasting (F) and post-parandial (PP) blood glucose 
levels. After initial assessment patients were admit- 
ted. During hospitalization they were given a 
vegetarian diet with caloric distribution of 6O-65% 
carbohydrates, 15-20% proteins and 15-20% fats. 
The patients were given a diet which was isocaloric 

TABLE 1 

Yoga practices specified for treatment of NIDDM 

to the pre-yoga treatment diet. There glucose ex- 
cretion level was monitored daily and blood 
glucose levels were measured weekly [9]. 

Training protocol 
The yoga treatment consisted of practice of (i) 

visceral cleansing procedures (Shatkriyas); (ii) 
body postures (asanas); (iii) breathing exercise 
(Pranayama) [ 10,111, for 1.5 h in morning and 1 h 
in the evening. The specific yoga techniques ap- 
plied are depicted in Table 1. 

Analytical methods 
Two-hour blood glucose responses to oral 

glucose (1 g/kg body weight) was done after over- 
night fast and withholding of hypoglycemic drugs 
for 12 h. Total area-under-the-curves (AUC) 
means for glucose were calculated using the for- 
mula A/2 + B + C + D + E/2 = Area Index Total 
(AIT), where A = fasting value, B, C, D and E = 
0.5 h, 1 h, 1.5 h and 2 h values, respectively [12]. 
A severity scale index (SSI) was proposed on the 

Cleansing practice (Kriyas) Body posture (Asanas) Breathing techniques 
(Pranayamas) 

I a Jalneti 

1 b Sutraneti 

2 Kunjala 

Cleansing of nasopharyngeal 
tract with 
(a) warm saline and 
(b) thread, respectively. 

Cleansing of stomach by 
continuous drinking of 
2-4 I of lukewarm water 
and spontaneous vomiting. 

3 Kapalbhatia Very fast rhythmical breathing 
using abdominal muscles. 

4 Shankh- Cleansing of gastrointestinal 
Prakshalan b tract by drinking 3-6 1 of 

warm saline in divided 
doses and defaecating 6-10 
times over period of 1-2 h. 

1. 
2. 
3. 
4. 
5. 

6. 
7. 

ShavasanaC (Corpse pose) Uggayi. Very slow (3-4 times/ 
Padamasanad (Lotus pose) min rhythmical breathing with 
Bhujagasana (Cobra pose) retention of breath in each 
Matsyasana (Fish pose) cycle. Ratio of exhalation; 
Ardh-Matsyaendrasana inhalation time being 1:2:l. 
(Spine twist pose) These practices were done in 
Yogasana (Yoga pose) the morning and in the evening 
Mayurasana (Peacock pose) sitting in a meditative postures. 

8. Simhasana (Lion pose) 
9. Gomukhasana (Cow head pose) 

10. Shavasana (Corpse pose) 

Time required S- 10 minutes. 

These practices are performed both 
in the morning and evening. Shavasana 
for relaxation is performed for 5 min 
before and after each set of yoga 
practices. Time required 40-60 mm. 

a Performed every morning only. Time required 5- 10 min. 
b Performed once a week in the morning and that day no other yoga practice was done. Time required 1-3 h. 
’ Relaxation posture. 
d Meditative postures; other postures may be categorized as cultural or physical. 
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basis of AIT values obtained in non-diabetics 
subjects. The SSI rating as applied in this study is 
indicated against AIT values; (i) AIT < 500 = 0; 
(ii) 501-800 = 1; (iii) 801-1100 = 2; (iv) 1101-1400 
= 3; (v) > 1400 = 4. 

Criteria of response to therapy 
Assessment of response to therapy was on the 

criteria: 
Group Z -poor response: (i) Abnormal OGTT 

with OGTI max exceeding 300 mg/dl; (ii) SSI 
remained unchanged or increased; (iii) Hypo- 
glycemic drug requirements are not decreased. 

Group ZZ - fair response: (i) OGTT max did not 
exceed 210 mg/dl; (ii) Decrease in SSI by at least 
one unit; (iii) Hypoglycemic drug requirement 
abolished or substantially reduced. 

Group ZZZ- good response: (i) Either normaliza- 
tion of OGTT or OGTT max did not exceed 210 
mg/dl; (ii) Decrease in SSI by at least one unit; (iii) 
Hypoglycemic drugs not required for maintenance 
of normoglycemia. 

The patients were categorized in one of these 
three response groups provided at least two of 
three criteria of response were fulfilled. The body 
mass index (BMI) and caloric intakes were 
calculated by standard methods [ 13,141. All tests 
and measurements were repeated within 3 days 
before discharge from hospital and data was ana- 

lysed by Student’s r-test for paired values. A 
P-value < 0.01 was considered significant. 

Results 

The physical characteristics of age, duration of 
disease, BMI and caloric intake of the patients are 
shown in Table 2. There was no significant dif- 
ference in mean ages of the subjects in the three 
groups. The duration of disease was found to be 
related to response and it decreased from Group I 
to Group III. The BMI and caloric intake did not 
show any significant change within any group. The 
effect of yoga therapy on blood glucose levels 
(F, OGTT max). AIT and SSI are shown in Table 
3. All these values decreased significantly in all 
groups, except SSI which did not show change in 
Group III. A significant linear correlation between 
OGTT max and AIT was found in Group III 
(r = 0.98 and 0.65 before (B) and after (A) yoga 
therapy, respectively). Assessment of response pat- 
tern reveals that 57 patients (75%) from good 
response group had duration of diabetes upto 
10 years. Also, out of a total 76 good responses, 
74 subjects had pre-treatment fasting and AIT 
blood glucose levels upto 140 mgdl and 1100 mg 
h/dl. The effect of yoga therapy on glucose 
tolerance impairment and hypoglycemic drug re- 

TABLE 2 

Characteristics of non-insulin dependent diabetics before (B) and after (A) yoga therapy 

Parameters 

Age (years) 

Duration of 

disease (years) 

BMI (kg/m2) 
(B) 

(A) 

Group 1 Group II 

Poor response Fair response 

(n = 45) (n = 28) 

49.1 l 11.7 47.3 f 9.41 
14.5 l 6.5 12.6 f 7.81 

22.7 f 3.54 22.4 f 2.90 
22.2 f 2.95 21.9 f 2.64 

Group III 

Good response 

(n = 76) 

43.6 * 9.31 

7.69 f 4.7 

22.3 + 2.73 

21.9 + 2.40 

Total 

subjects 

(n = 149) 

45.9 l 9.91 

10.7 f 6.81 

22.4 + 2.99 

22.7 + 2.61 

Caloric intake 

(B) 

(A) 

1651 f 264 

1631 f 237 

1839 zt 288 

1796 f 188 

1773 zt 259 1749 f 260 
1875 zt 250 1787 f 236 

Values are mean & S.D., BMI = Body mass index. 
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TABLE 3 

Blood glucose levels (fasting, OGT max) and area index total (AIT) of NIDDM patients of various response groups, before (B) and 
after (A) yoga therapy 

Parameter Group I Group II 
Poor response Fair response 
(n = 45) (n = 28) 

Group III 
Good response 
(n = 76) 

All subjects 
(n = 149) 

Fasting blood 

Glucose (mg/dl) 

(B) 
(A) 

GGT,, (mg/dl) 
(B) 
(A) 

AIT 
Glucose mg . h/d1 

(B) 
(A) 

SSI 

(B) 
(A) 

176.3 f 62.7 
131.5 f 43.2* 

348.3 + 66.7 
274 f 52.5** 

1159 * 246 
880 zt 213** 

2.66 zt 0.80 
1.72 f 0.79’ 

136.6 f 42.3 
96.6 f 19.8* 

273.6 f 57.3 
196.7 zt 9.2’ 

931 f 181 
643 * 103’ 

1.89 f 0.67 

0.89 f 0.49* 

109.7 f 21.8 

93.7 f 14.1* 

227.1 f 46.3 
158.5 zt 9.6** 

767 f 150 

508 f 77*+ 

1.39 f 0.59 
0.46 f 0.55 

134.8 f 38.0 

100.9 f 23.9’ 

272.2 f 54.5 
200.44 f 22.5* 

915 f 184 
645 f 122 

1.86 f 0.6 

0.98 zt 0.6 

Values are mean f SD. AIT = area index total in glucose tolerance test; OGT,,, = blood glucose max in oral glucose tolerance 
test; SSI = severity scale index derived from normal values of AIT = BSA-*P < 0.01; **P < 0.001. 

quirement, BMI and SSI, are depicted in Table 4. 
After yoga therapy 48 patients (32%) showed nor- 
ma1 response to OGTT. Fifty seven (38%) patients 
showed normoglycemia without any hypoglycemic 

drugs and SSI decreased in 97 (65%) subjects. In 
comparison only 55 (37%) patients showed small 
reduction in body mass while the remainder had 
either no change or small increase in body mass. 

TABLE 4 

Response pattern of NIDDM patients after yoga therapy 

Response 
pattern 

Normal OGT Taking hypoglycemic BMI decreased SSI decreased 
drugs after yoga after yoga 

(B) (A) 
(B) (A) 

Group 1 
Poor response 

Group 2 
Fair response 

Group 3 
Good response 

No. subjects 
% of all subjects 

0 0 45 37 23 I3 

0 2 26 I5 I7 21 

0 46 I9 5 45 63 

0 48 90 57 55 97 
32.2 60.4 38.3 36.9 65.1 

B = before, A = after, yoga therapy. 
Values shown represent the number of patients. 



Discussion 

A few studies on diabetics and normal have 
reported a reduction in blood glucose in these sub- 
jects after yoga training [5-71. However, these 
studies were done on a small number of subjects. 
The present study was done on a large number of 
diabetics, hospitalized for a 40-day yoga therapy 
programme. The data represent all the NIDDM 
patients admitted concurrently in a period of 3 
years. The objectives of the study were to evaluate 
specific characteristics of NIDDM patients who 
can be managed by regular daily practice of yoga. 
The results indicate that in NIDDM patients with 
duration of disease less that 10 years, fasting blood 
glucose levels up to 140 mg/dl and AIT values up 
to 1100 mg/h/dl, hyperglycemia could be control- 
led by yoga therapy alone. Patients with AIT 
values above 1100 mg/h/dl may need a combina- 
tion of yoga and hypoglycemic drugs. Physical ex- 
ercise also improves glucose tolerance [ 15- 181 and 
these changes are related to decrease in body 
weight [18]. It has been reported that physical ac- 
tivity has an important role in the primary preven- 
tion of impaired glucose tolerance and possibility, 
NIDDM [4,15]. Also, exercise conditioning 
decreases hyperglycemia and improves exercise 
tolerance [ 16,171. It is now generally accepted that 
good blood glucose control reduces the risk of 
diabetes-related complications [ 181. Yoga therapy 
cannot be equated to the usual physical exercises. 
The main emphasis in yoga is a relaxation, volun- 
tary breath control and maintenance of certain 
static body postures. In the present study, 
NIDDM patients were kept on isotypical and 
more or less isocaloric diet. Yoga training resulted 
in a significant improvement in OGTT and a bet- 
ter blood glucose control, with a decrease in oral 
hypoglycemic agents and without any significant 
change in BMI. Therefore, yoga therapy may be 
considered a beneficial adjuvant method of 
management of NIDDM. 
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