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Objective - To test the hypothesis that stress reducing
techniques such as meditation alter immune responses after
strenous physical stress.
Methods - The hypothesis was tested by studying six
meditating and six non-meditating male runners in a
concurrent, controlled design. After a period of six months
with meditation for the experimental group, blood samples
were taken immediately before and after a maximum
oxygen uptake test (V02nux).
Results - The increase in CD8 + T cells after VO2ma was
significantly less in the meditation group than in the
control group (P = 0.04). The amount of CD2 + cells
doubled after VO2, mainly because of a rise in the CD8 +
fraction.
Conclusions - Meditation may modify the suppressive influence of strenous physical stress on the immune system.
(Br J Sports Med 1995; 29: 255-257)
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Research indicates that various forms of stress can
influence immune function in humans and animals.`8
After stressful events, reduced lymphocyte proliferative
responses and altered absolute and relative numbers of
lymphocyte subsets have been reported. The influence
on the immune system takes place either when the stress
is of long duration or when a maximum workload
exercise is applied.2 7Halvorsen and Vassend' showed a
reduction in the large, probably activated CD4 +
(mostly helper phenotype) T cells and CD8 + (mostly
cytotoxic phenotype) T cells following psychological
stress. Other investigators have found decreased proportions of CD4 + T cells6 and a decreased CD4 + /
CD8 + ratio2 6, 8 during heavy exercise. The immune
system may be an interesting index for monitoring
overtraining.9
Combined with reports of increased susceptibility to
infections among athletes, intense physical training may
be implicated in the decrease of the normal immune
response towards infectious agents. Another suggestion
has been that the observed changes in immune cells and
their reactions constitute a normal adaptation to stress.
If stress influences the immune cells, will a stress
reducing technique such as meditation, practised during
a longer period, moderate the responsiveness of T
lymphocytes when the organism is exposed to strenous
Address for correspondence: Dr E E Solberg MD, Ullevil
University Hospital, Department of Medicine, Oslo, Norway

physical stress? The aim of this study was to investigate
whether or not preparation with meditation changes the
relative numbers of CD4 + and CD8 + T cells after
strenous physical stress, demonstrating an influence on
the immune system.

Methods
This was a study of two groups of runners -one
practising meditation, the other serving as control.
Subjects
The subjects were invited from the running milieu in
Oslo. They were all males exercising regularly and
taking part in at least one running competition longer
than 10000 metres each year. Median age was 47 years
(range 43-49) in the meditation group (n = 6) and 38
years (range 27-46) in the control group (n = 6).
Six months before this concurrent study was carried
out, the runners were randomly assigned to two groups.
In a seven weeks course one group was instructed to
practise meditation (ACEM meditation,'0 1I a non-cult
technique using repetition of a simple sound practised in
30 min sequences regularly at home). The other group
practised no kind of meditation or any formal relaxation
technique.
From these two groups the first six consecutive male
subjects in the experimental group and the first six in the
control group who were tested for maximum oxygen
uptake (VO2ma.) were included in the study. This
limitation was made for logistical reasons.
There were no statistically significant differences in
baseline Vo2, values either six months before the
study or during the study: (1) before the study: median
56.0 ml min- 1kg-l (range 43.7-66.1) in the group
which later learned the meditation technique, and 57.5
ml min-' kg-' (range 45.8-75.9) in the control group;
(2) during the study: median 56.2 ml * min' kg-' (range
42.8-65.5) in the meditation group, and 58.1
ml min-' kg-' (range 46.3-73.1) in the control group.
The runners in the meditation group completed a
questionnaire about their meditation compliance which
was satisfactory, with a mean of 24 meditation sessions
per month during the intervention period. As an
additional compliance control five of the six stated in
the questionnaire that they had experienced parasympathetic signs of relaxation during meditation, indicating satisfactory meditation practice.
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Procedures
Maximum oxygen uptake
VO2max was measured during running on a motor driven
treadmill at 30 uphill inclination according to the
procedure described by Astrand and Rodahl.15

Blood samples
An EDTA whole blood sample was drawn from each
subject immediately before and after the treadmill
exercise. The blood samples were chilled and analysed
the same day. M450 monosized polystyrene micro-

spheres coated with monoclonal antibodies directed
against T cell antigens CD4 +, CD8 + and CD2 +,
purchased from Dynal, Oslo, were used. Monoclonal
antibodies specific for the B cell antigen CDI9 (clone
ABI/IgM) were produced by S Funderud, and directly
coated on M450 as described.'6 Preparations for
counting T cell subsets and B cells were prepared as
described by Brinchmann et al.'2 Briefly, whole blood
with EDTA was chilled (+4 0C) and placed on a
rocking/rolling rack. Samples of blood were mixed with
the M450 coated with monoclonal antibodies and
rotated at + 4 0C. By applying a magnet, rosetting cells
were selected and the supernatant discarded. After
washing, zaponin and acridin orange were added. The
fluorescing cells were counted with an immunofluorescence microscope.
Statistics
Differences between groups were tested by using two
tailed Student's t tests.

Results
In both groups, the total number of T cells (CD2 + cells)
doubled after exercise. This was mostly due to the rise
in CD8 + T cells, while the CD4 + T cells remained
stable. The increase in CD8 + T cells after exercise was
greater (P = 0.04) in the control group than in the
meditation group. Figure I shows the mean values + 1
SD of CD2 +, CD4 +, and CD8 + T cells before and
after the exercise test in the two groups. The percentage
of CD4 + T cells of the total T cells was decreased in
both groups. There was also a decrease in the CD4 + /
CD8 + ratio after exercise in both groups (Table 1).
None of the changes was statistically significant. The
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life event stress exposure was small in both groups and
showed no statistically significant difference between
the groups.

Discussion
The major finding of this study was a significantly
smaller increase in CD8 + T cells in the meditation
group after strenous physical stress. There was a nonsignificant decrease in the CD4 + /CD8 + ratio and in
the percentage of CD4 + T cells (mostly helper T cells)
of the total T cell count in both groups.
This lower increase of CD8 + T cells in the relaxation
group may indicate a modifying influence on the
immune response to strenous physical stress due to
practice of meditation. There was, however, no significant difference between the groups in the CD4 + /
CD8 + ratio, although there was a slight tendency
towards a lower ratio in the control group after exercise.
For both groups a decrease in the proportion of CD4 +
cells in the total T cell pool was found after exercise. No
significant difference between the groups was observed.
Thus no influence of meditation on this variable could
be observed. The markedly decreased CD4 + /CD8 +
ratio and the low percentage of CD4 + T cells after
exercise indicate that exercise may suppress the cellular
immune system, probably temporarily.
Much attention has been directed towards various
forms of stress as potent suppressors of the immune
response. The actual mechanisms for this immunomodulation are unknown. Several possible mechanisms
of stress induced immunomodulation are possible,
including the release of corticosteroids, catecholamines,
immunologically active substances like interleukin-1, Iendorphin, interferon,7 or other direct immunosuppressive influences on the immune cells. We do not
have data to pursue this further.
It seems unlikely that the selection of the subjects
would be biased with regard to differences in the
immune system. The results of the VO2m, tests were
practically the same in the two groups. The small
number of participants in the present study may
influence the results towards a negative outcome
because of lack of statistical power. Additional stress
might have been a possible source of misintepretation
of the results. However, no significant difference was
seen in life events stresses between the groups in the
present study. Both had been exposed to a minimum of
such stresses, probably insufficient to have a measurable
influence on the immune response. A difference between
the groups in exercise induced changes in plasma
volume, thus distorting the cell counts per ml of blood,
is unlikely in a controlled design during the short

VO2max test.

Conclusions
Strenous physical stress constitutes a probable suppressive influence on the immune system. Meditation
may modify this suppression. Further studies are needed
to elucidate the mechanisms for the suppressive effects
of excercise and possible modulating effect of stress

reducing techniques.
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Design
A concurrent design was used. The subjects were tested
for their maximum oxygen uptake. Blood samples were
taken immediately before and after the VO2max test, and
the number of CD2 + (pan T cells), CD4 +, and CD8 +
T cells was counted.'2
To correct for possible confounding influences of
recent stressors, exposure to stressful life events during
the six months before the study was recorded. The
scoring of each event ranged from 0-8 (where 0 is "not
at all distressing") in a shortened version'3 of the life
events stress test.'4
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Figure 1. The effect of physical stress (VO2ma,) and meditation on some T cell subsets
Table 1. Effect of physical stress on CD4/CD8 ratio and
percentages of CD4 and CD8 cells of total T cell count (CD2)

All
subjects
(n = 12)
Meditation
group
(n = 6)
Control
(n = 6)

3 Eskola J, Ruriskanen 0, Soppi E, Viljanen MK, Jarvinen M,
Toivonen H, et al. Effect of sports stress on lymphocyte
transformation and antibody formation. Clin Exp Immunol 1978;
32: 339-45.

Before VO2max

After VO2max

CD4/C8 CD4O/ CD8O/o

CD4/CD8 CD4O%/CD8O%

2.2

77

32

1.5

51

30

2.3

78

28

1.8

54

27

2.0

75

37

1.3

47

34

No significant differences observed
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