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Abstract Using radioactive iodine, the effect of
1 month's yogic exercises has been investigated on the
thyroid function of subjects resident at sea level (SL)
specially after their exposure to high altitude (HA). The
results have been compared with a group of SL subjects
who underwent physical training (PT) exercises for the
same duration. Ten healthy male volunteers in the age
range of 20-30 years were used as test subjects in this
study with each serving as his own control. The subjects
were randomly divided into two groups of 5 each. One
group practised hatha yogic exercises, while the other
group performed the regular PT exercises. The thyroidal
accumulation and release of radioactive iodine have
been measured in each of the subjects of both groups
before and after 1 month of their respective exercises at
SL. One month of yogic exercises at SL has been observed to cause a significant reduction in the trans-thyroidal availability of radioiodine. The thyroid radioactivity in this group of subjects was always below normal
levels with the exception of two peaks of radioactive
iodine uptake, when the levels of radioactivity in the
thyroid were similar to the control values of pre-yogic
exercises. The release of radiolabel at 24-48 h was significantly increased after yogic exercises. In contrast, the
subjects performing PT exercises for the same duration
at SL showed significant thyroid uptake of radioactive
iodine at 24 h. Subsequently their 131I uptake continued
to rise slowly until 72 h without any demonstrable thyroidal release of radiolabel. This indicated that increased thyroid activity was induced by conventional
PT exercise. Exposure of SL residents to HA irrespective of their exercise regime altered the thyroidal handling of radioiodine. Thyroidal concentrations of freshly
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administered radioiodine at early and late sampling intervals were very high in both of the groups, especially
the yogics, after their return to SL from HA. Possible
mechanisms of the observed changes have been discussed.
Key words Thyroid function • Yogic exercises
High altitude

Introduction
The philosophical doctrine of yoga is based on moral
precepts, ascetic and meditation techniques and a special type of physical training called hatha yoga, which
includes the control of posture and respiration. Its development in India can be traced back to about 500 BC
(Stanescu et al. 1981). Yogic exercises improve body
functions through the manipulation of cardiovascular,
respiratory, metabolic and other control mechanisms
(Anand etal. 1961; Mayol 1966; Udupa and Singh
1972; Nayar et al. 1975; Stanescu et al. 1981; Ray et al.
1986). Yogic practices have been reported to induce a
shift in the autonomic balance towards relative
parasympathodominance, improved thermoregulatory
efficiency and a relative hypometabolic state (Wallace
and Benson 1972; Bhatnagar et al. 1978; Joseph et al.
1981; Selvamurthy et al. 1983). It appears that the type
and duration of the period of yogic practice determine
its specific effect on the system (Udupa and Singh 1972;
Udupa et al. 1975 a, b; Bhatnagar et al. 1978; Rao et al.
1980). Subjects practising certain types of yogic exercises develop improved tolerance to cold (Bhatnagar et al.
1978; Selvamurthy et al. 1988). A special sect of Tibetan
g-tum-mo yogic practitioners can exhibit the capacity
to raise the skin temperature of their fingers and toes by
8.3 °C upon cold exposure after yogic meditational
practice for many years (Benson et al. 1982).
The thyroid plays an impdrtant role both in
metabolism and thermoregulation, but so far no systematic attempt has been made to examine the effect of
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yogic exercises o n t h y r o i d function. T h e present c o m m u n i c a t i o n r e p o r t s the influence of y o g i c exercises a n d
high altitude ( H A ) e x p o s u r e o n t h y r o i d a c c u m u l a t i o n
a n d its release of r a d i o i o d i n e ~3~I in subjects resident at
sea level (SL). T h e t h y r o i d r e s p o n s e h a d b e e n c o m p a r e d
in these subjects a n d a g r o u p o f subjects w h o u n d e r w e n t
physical training (PT) exercises for the same duration.

Materials and methods

(10 rain), pull ups (5 min) and games (15 rain). The yogic schedule
included prayer (3 min), followed by hatha yoga asanas (50 rain),
pranayama or breathing exercises (5 rain) and meditation (5 min)
as described earlier (Selvamurthy et al. 1988; Fig. 1). After the
completion of 1 month of yogic practice and PT exercises at sea
level, the subjects were airlifted to an altitude of 3500 m in the
Western Himalayas for a stay of 3 weeks. They later moved by
road to an altitude of 4500 m and stayed there for 1 week before
flying back to SL. The subjects continued to perform their respective exercise regimes during the sojourn at HA and until the end
of the second week of their return from the period of exposure at
high altitude.

Schedule of radioactive tracer administration. Tracer doses of ~3~Iin
Subjects and experimental design. Ten healthy euthyroid male volunteers who resided at sea level (belonging to the Indian Army)
and were in the age range of 20-30 years participated in this study.
None of the subjects were taking iodine-containing medication or
other chemicals known to affect thyroid radioiodine uptake. They
were free from any clinical disorders and had no previous exposure to HA. The subjects had a uniform pattern of routine daily
activities and their nutritional status was comparable. They gave
their informed consent to participate in the study and test procedures.
The subjects were randomly divided into two groups of 5 each.
One group was assigned to routine PT exercises (PT group) daily
during the morning; the second group (yoga group) underwent
selected hatha yoga exercises daily in the morning under the supervision of a qualified yoga instructor. The PT schedule consisted of slow running for 4 km (30 rain), body flexibility exercises

the form of capsules were obtained from Bhabha Atomic Research
Centre, Trombay, Bombay. 1311tracer (25-30 gCi) was administered orally to each subject in the postabsorptive state at each of
the times mentioned below. Using a thyroid probe connected to a
spectrometer (Electronic Corporation India Ltd.), the amount of
radioactivity over each subject's thyroid and thigh was measured
as a function of time after administration of the tracer. Counts of
radioactivity were corrected for background and decay of the
administered radioisotope. The first dose of radioactive tracer was
administered to each subject before the commencement of either
hatha yoga exercises or the regime of physical training exercises.
A second dose of ~3]Itracer was administered after the completion
of 1 month of yoga practice or PT exercises at SL The third and
final close of tracer was administered 1 week after the subjects
returned to SL from the stay at high altitude.
Before the administration of radioactive tracer for the second
and third times, the counts were measured over the thyroid of
every individual; no radioactivity from the earlier dose was found
to be carried over in the thyroid. Control studies were carried out
on the same subjects before they were subjected to the experimental conditions. The controls comprised studies of thyroidal radioiodine kinetics before the initiation of either yogic practice or
the PT exercises. The results of the experiment have been computed and are expressed in the form of graphs.

Results
Y o g a practice for 1 m o n t h was f o u n d to cause a significant r e d u c t i o n in the c o n c e n t r a t i o n of r a d i o i o d i n e in the
t h y r o i d of subjects at SL (Fig. 2). T h e p a t t e r n of r a d i o a c tive iodine u p t a k e b y the t h y r o i d in this g r o u p of sub-
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Fig. 1 Postures adopted during the yogic schedule

Fig. 2 Thyroid uptake of iodine-t31 and its release in subjects
after yogic exercises and their exposure to high altitude (HA).
Each individual received an oral dose of 25-30 I~Ci J3]I in postabsorptive state and follow-up studies on thyroidaI radioactivity
were carried out at designated intervals. Results are expressed as
mean ±SEM
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Fig. 3 Thyroid uptake of iodine-131 and its release in subjects
after physical exercises and their exposure to HA. Each individual
received an oral dose of 25-30 gCi of 131I in post-absorptive state
and follow-up studies on thyroidal radioactivity were carried out
at designated intervals. Results are expressed as mean __ SEM

jects exhibited two peaks, one at 24 h and the other at
72 h, when the values reached those of the period of
pre-yogic exercises at SL. About 50% of the 131I c o n c e n t r a t i o n of the first peak at 24 h was released between 24
and 48 h and the second peak of thyroid radioiodine
uptake observed at 72 h was of a lower absolute value.
In contrast, physical exercises caused an increase in the
24 h thyroidal uptake of 131I, and a subsequent slow rise
in thyroidal radioactivity until 72 h was observed in this
group of subjects at SL. About 15% of the peak concentration of 131I at 72 h of this group was slowly released
over 120 h (Fig. 3).
Exposure to high altitude altered the thyroid concentration of 131I in subjects of the yogic and PT groups
respectively. Even a week after their return to SL from
HA, the thyroid radioactivity at early and late hours
after the administration of a fresh dose of isotopic tracer
was high in both groups of subjects compared to their
pre-exposure control values at SL (Figs. 2 and 3). The
changes were more marked in the yogic group of subjects compared to the PT group.

Discussion
It is known to be difficult to assess the endocrine function indirectly by monitoring blood concentrations of
hormones instead of studying the rate of their secretion,
tissue utilization, or biodegradation within the body
(Shephard 1985). There is no optimum in vitro test of
thyroid function that can be used with equal reliability
in all situations (Mitchell 1986). In the present investigation, an attempt has been made to evaluate the thyroid
function by direct monitoring of radioiodine thyroidal
accumulation and its release in the test subjects in vivo.
The follow-up studies on thyroidal handling of radioiodine had to be carried out for a period of 5 days or
more after the administration of a single dose of tracer.
Iodine-131 has been used as a tracer in the present
series of subjects instead of 123I which has a very short

shelf life. There were two distinct peaks of radioactive
iodine uptake with below normal levels of thyroidal accumulation of iodine-131. The pattern of the release of
radioactivity at 24 to 48 h in yogis at SL (Fig. 2) can be
used as a model system to simulate endocrine changes.
The results indicate that 131I uptake by the thyroid and
release of hormones are probably adjusted in these subjects due to decreased peripheral demand of thyroid
hormones with the low energy expenditure and hypometabolic state induced by yogic practice (Udupa
and Singh 1972; Bhatnagar et al. 1978; Joseph et al.
1981 ; Selvamurthy et al. 1983). Increased thyroid activity, reflected by a higher thyroid concentration of radioactivity in the PT group of subjects (Fig. 3) at SL is in
good agreement with the reported observation of exercise-induced accentuation of thyroid function (Shephard 1985). The reason for the significant increase at
early and late sampling intervals of thyroid uptake of
131I in yogis at 1 week after their return to SL from HA
(Fig. 2) is not clear. A similar increase in thyroidal radioactivity in subjects of the PT group 7 days after their
return to SL from HA was also observed but was of
lower magnitude (Fig. 3).
It is known that exposure of human subjects to hypobaric hypoxia either at natural elevation or at simulated
high altitude induces an apparent increase in thyroid
activity. This is characterised by: (1) increased thyroidal
uptake of 131I (Moncloa et al. 1966; Rawal et al. 1993)
and (2) hyperthyroxaemia (Surks 1966; Kotchen et al.
1973; Rastogi etal. 1977; Chakraborthy etal. 1987;
Sawhney et al. 1991) without the manifestations of clinical hyperthyroidism. Perhaps in such situations body
tissues become less sensitive to thyroid hormones at
least for a temporary period, a suggestion requiring further study. The presence of high thyroidal radioactivity
in subjects after completion of 1 week of their return to
SL from HA was observed in the present series and
previously on the 7th day of withdrawal of exposure to
simulated altitude (Rawal et al. 1993). These results suggest that altered thyroidal handling of iodine by sufficient exposure to hypoxia requires more time for its
reversal after cessation of hypoxic exposure. In contrast
the increase in blood levels of thyroid hormones, induced by a similar treatment of human subjects, return
to normal much earlier after the return of the subjects to
normoxic conditions (Surks 1966; Kotchen et al. 1973;
Rastogi et al. 1977; Chakraborthy et al. 1987; Sawhney
and Malhotra 1991). The said publications indicate that
the altered thyroid functions induced by exposure to
HA is not mediated through pituitary. The observed
pattern of thyroid uptake of 131I in yogis either at SL or
after exposure to HA is completely new and needs a
further study.

Conclusion
Exposure to high altitude altered the thyroid concentration of t31I in subjects of the yogic and physical exercise
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groups respectively. Even a week after their return to SL
from HA, the thyroid radioactivity at early and late
time intervals after the administration of a fresh dose of
isotopic tracer was high in both the groups of subjects
compared to the pre-exposure control values at sea level. The changes were more marked in the yogic group of
subjects compared to the physical exercise group.

Acknowledgements The authors are grateful to Colonel G.
Dhanajayan Officer-in-Charge, Nuclear Medicine Department,
Army Hospital, Delhi Cantt for his continued interest and help in
the study. Helpful comments on the manuscript by Dr. Rajeev
Prakash, Head of the Department of Nuclear Medicine, Batra
Hospital and Medical Research Centre, Tughlakabad Institutional Area, Mehrauli Badarpur Road, New Delhi are gratefully
acknowledged.

References
Anand BK, Chhina GS, Singh Baldev (1961) Studies on Shri Ramanand Yogi during his stay in an airtight box. Ind J Med Res
49: 82-89
Benson H, Lehamann JW, Malhotra MS, Goldman RF, Hopkins
J, Epstein MD (1982) Body temperature changes during the
practice of g-tum-mo Yoga. Nature 295:234-236
Bhatnagar OP, Ganguly AK, Anantharaman V (1978) Influence
of yoga training on thermoregulation. Ind J Med Res 67: 844847
Chakraborthy S, Samaddar J, Balabyal PK (1987), Thyroid status
of humans at high altitude. Clin Chem Acta 166:111-113
Joseph S, Sridharan K, Patil SKB, Kumaria ML, Selvamurthy W,
Nayar HS (1981) Neurohormonal and metabolic changes consequent to yogic exercises. Ind J Med Res 74:120-124
Kotchen TA, Morgan EH, Hogan RP, Boyed III AE, Pennington
LL, Mason JW (1973) Thyroid responses to simulated altitude.
J Appl Physiol 34:165-168
Mayol J (1966) Yoga aids in record dive. Life 41:74-75
Mitchell ML (1986) Blood tests of thyroid function. In: Van Middlesworth AB (ed) The thyroid gland. Year Book Medical Publishers, Chicago, London, pp 35-45
Moncloa F, Guerra-Garcia R (1966) Endocrine studies at high
altitude. Thyroid function in sea level natives exposed for two

weeks to an altitude of 4300 m. J Clin Endocrinol Metab
26:1237-1239
Nayar HS, Mathur RM, Kumar S (1975) Effects of yogic exercises
on human physical efficiency. Ind J Med Res 63:1369-1376
Rao JS, Yogi R, Sunitha M, Raju PS, Murthy KJR (1980) Study
of blood glucose levels in relation to yogic breathing exercise.
Ind J Physiol Pharmacol 24:462-463
Rastogi GK, Malhotra MS, Srivastava MC, Sawhney RC, Dua
GL, Sridharan K, Hoon RS, Singh I (1977) Study of the pituitary-thyroid functions at high altitude in man. J Ctin Endocrinol Metab 44:447-452
Rawal SB, Singh MV, Tyagi AK, Chaudhuri BN (t993) Thyroidal
handling of radioiodine in sea level residents exposed to hypobaric hypoxia. Eur J Nucl Med 20:16-19
Ray US, Hegde KS, Selvamurthy W (1986) Improvement in muscular efficiencyas related to standard task after yogic exercises
in middle aged men. Ind J Med Res 83:343-348
Sawhney RC, Malhotra AS (1991) Thyroid function in sojourners
and acclimatised low landers at high altitude in man. Horm
Metab Res 23:81-84
Selvamurthy W, Nayar HS, Joseph NT, Joseph S (1983) Physiological effects of yogic practice. Natl Inst Mental Health Neurosci
J 1:71-80
Selvamurthy W, Ray US, Hegde KS, Sharma RP (1988) Physiological responses to cold (10 °C) in men after six months practice of yoga exercises. Int J Biometeorol 32:188-193
Shephard RJ (1985) Hormonal control system in physiology and
biochemistry of exercise. Praeger, New York, pp 291-304
Stanescu DC, Nemery B, Veriter C, Marechal C (1981) Pattern of
breathing and ventilatory response to CO2 in subjects practising hatha yoga. J Appl Physiol Repir Environ Physiol
51 : 1625-1629
Surks MI (1966) Elevated PBI, free thyroxine and plasma protein
concentration in man at high altitude. J Appl Physiol
21 : 1185-1190
Udupa KN, Singh RH (1972) The scientific basis of yoga. J Am
Med Assoc 220:1365
Udupa KN, Singh RH, Settiwar RM (1975a) Physiological and
biochemical studies on the effect of yoga and certain other
exercises. Ind J Med Res 63:620.624
Udupa KN, Singh RH, Settiwar RM (1975b) A comparative
study on the effect of some individual yogic practices in normal persons. Ind J Med Res 63:1066-1071
Wallace RK, Benson H (1972) The physiology of meditation. Sci
Am 226:85-90

