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Effects of blood hormone and immune response after the dry

sauna and the cold water bath
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Abstract

Objective: The purposes of this study were to verify the effects of blood hormone levels
and immune system during dry sauna bath and cold water bath in highly trained swimmers
and non-swimmers. Results: The present results showed that the hormone responses were
changed after the dry sauna bath and cold water bath. The plasma angiotensinll and renin
levels were significantly increased after sauna bath in the both groups, which were
decreased after cold water immersion. But there was no significant difference on serum
cortisol level after the dry sauna bath and cold water bath in the both groups. And at rest,
non-swimmers showed higher percentage of NK cell than swimmers did but, no significant
differences were found. Whereas, non-swimmers were significantly decreased in the
percentage of NK cell after sauna bath and after cold water immersion. Moreover, there
were no changes of immunoglobulin levels.

I. Introduction

Environmental stress such as warm or cold temperature is often considered a
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challenge to human health and homeostasis, but the human body also physiologically
adapts to heat and cold environments at least to some extent. Furthermore, recent
paper have also elucidated that particularly heat stress may even be beneficial for
human health, independently of other lifestyle factors(8).

The dry sauna bath has a long Finnish tradition. The oldest written record dates
back to about 912 A. D. Traditionally the use of dry sauna is for hygiene health in
Finland(23). Sauna has emerged as a popular form of wellness treatment around the
world in recent decades. Despite the above, many people visit saunas out of curiosity
or the desire to follow the latest trends, and not all of them use saunas regularly.
Finland has a population of 5.2 million, and nearly 2 million Finns use saunas
regularly, whilst other Scandinavians also take the dry sauna baths at least once a
week for health impronement(16, 19).

Sauna baths are conductive to the treatment of locomotive organ inflammation,
nonspecific ailments of the upper respiratory system(9). Thermal treatment and rapid
cooling after sauna were also found to exert a complex and positive effect on vascular
and cardiac functions. After a brief review of general acute cardiovascular response and
long—term adaptation in responses to heat stress(8).

If the body exposure to the hot and cold environment, the function of homeostasis
activates to attempt for keeping a normal body temperature which leads to profuse
sweating. Despite the sauna-induced dehydration, changes in serum electrolyte levels are
small and are not considered to be clinically significant(11). As a acute exercise, heat
stress, and hypoxia, cold stress also challenges physiological systems and may
detrimental to human health acutely(4). When entering a cool environment, the human
body will adjust to maintain heat balance(3). The physiological and health effects of
cold exposure such as winter swimming in ice-cold water has been investigated in
many studies. They indicate that they are generally not harmful for health when, for
instance, antioxidant capacity or hormonal function is considered, but they can lead to
reduction in skinfold thickness, meaning that cold exposures can be beneficial in
reducing body adiposity.

However, modern dry sauna as a traditional way of relaxing, cleansing, thermal
therapy and reduce soreness. Sauna bath has become an increasingly popular leisure
activity during recent years.

When the body exposed heat and cold environment, many changes of physiological
and biochemical changes can be witnessed. The influences of the sauna on the
circulation and secretion of hormones were mainly resulted from the stimulation of the
sympathetic nervous system (SNS) and the activation of the hypothalamus

-pituitary—adrenal hormonal axis(5, 11). The physiological and hormonal changes that occur
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during sauna bath are transient (7, 23, 30). The decrease in the blood volume and the
loss of sodium in the sweat resulted in the activation of the
renin—angiotensin—aldosterone  system(15). Leppaluoto, Arjamaa, Vuolteenaho &
Ruskoaho (1991) reported that renin was increased 1.5 to 2 fold and angiotensinI
levels were increased 3 to 6 fold compared to those of before sauna bath(20).

As described in the classic studies of Selye(1936), chronic exposure to stress is
accompanied by an involution of the thymus gland, a decrease in size of the lymph
nodes, lymphopenia and eosinopenia. However, Brenner, Severs, Shek, & Shephard(1996)
and Severs, Brenner, Shek, & Shephard(1996) saw no changes of immune function in
response to an 0.7 °C increase of 2 °C was induced by water bath immersion at 39.5 °C.
But Sauna and cold water stress, as a natural stressor, may have its own unique
pattern of neuroendocrine changes because of the accompanying body temperature
variations which may influence immune function(1, 20).

Currently, the data are lacking on how the immune system adapts to the cold water
and hot sauna bath. However, it is certain that the level of adaptability may show the
different immune response after hot sauna bath and cold water exposure. Thus, the
purpose of this study were to determine the physiological responses and immune
system on the dry sauna bath cold water bath for trained swimmers and

non-swimmers.

II. Methods

1. Subjects

All subjects were volunteered and they had given written informed consent to
participate in this study. None of them has chronic illness and use of any medication
during the week before the experiment. Seven highly trained male swimmers and seven
untrained male non-swimmers participated in the study. They were aged 16 to 24
years old. The trained male swimmers were undertaking 20 to 30 hour of pool training
six days per week. Non-swimmers were not participate in any kinds of sport or

physical activity other than physical education class.

2. Experimental design

1) Body composition

The measurement factors of body composition were % body fat, fat mass and lean
body mass. These forms were measured by the bio-electrical impedance device (Tanita,
Japan).

2) Dry sauna bath
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Dry sauna bath was used for 10 min. The subjects worn short pants and then sat
quitely on the bench in the chamber during the exposure. The temperature of dry
sauna in the chamber was 100-110°C of fahrenheit(C 37.7740°C) and the humidity was
22 %.

3) Cold water bath

All subjects rested 10 minutes after the dry sauna bath, and then head-out cold

water immersion for 10 minutes. The temperature of cold water exposure was 22-24°C.
4) Blood sampling

Blood sample were drawn at 07-10 A.M on the overnight fasted. At each sampling
time, 10 ml blood was collected. Venous blood samples were collected prior to the
sauna bath, immediately after sauna bath and cold water immersion, respectively, 5 ml
blood sample was collected by heparinized tube (Becton Dickinson, U. S. A) for
analysis of lymphocytes and it’s subsets, immunoglobulin (IgA, IgG, IgM) and natural
killer (NK) cell.

3. Statistics

An independent t-test with between groups(swimmers vs. non-swimmers) was used
to determine the differences in physical characteistics (p<.05). Two-way ANOVA with
repeated measures was also used to determine the differences in physiological variables

and immune responses (p<. 05).

M. Results

Table 1. Physical characteristics of the subjects

Group Age Height Weight Fat LBM Fat
(yr) (cm) (kg) (%) (kg) mass(kg)
Swimmers 17.86 170.45 63.42 17.25 53.40 11.00
(n=7) +1.67 +2.60 +2.76 +4.06 +4.50 542
Non-swimmers 20.57 174.86 68.58 19.46 54.00 13.60
(n=7) +1.51 +5.34 £9.30 +3.83 £7.30 +4.53

Values are meanzstandard deviations.
Table 1 summarized subject characteristics. Compared with the non-swimmers, the

swimmers were slightly lower in height, weight, % fat, LBM and fat mass.

Table 2. Changes of hormone after the dry sauna and cold water bath
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Group Parameters Rest Sauna bath Cold water bath
D 2 (3)

Swimmers Cortisol(ug/dD 10.65+2.58 10.78+2.92 9.84+2.59
(n=7) Angiotensin Il (pg/m) ~ 9.43+4.08  29.86+10.49 14.28+8.38
Renin(ng/ml/hr) 1.81+1.12 2.68+1.71" 1.61+1.17
Non-swimmers Cortisol(ug/dD) 14.58+5.18 10.29+4.21 11.53+5.59
(n=7) Angiotensin I (pg/ml)  11.14+4.67  34.00+18.72"" 13.57+6.58
Renin(ng/ml/hr) 1.15+1.17 4.09+1.96 1.94+1.14

Values are meanzstandard deviations.

#xxp<_ 001 : compared to the rest and after the cold water bath within group

Table 3. Changes of percentage on the leukocytes and subset during dry sauna and
cold water bath.

Group Parameters Rest Sauna bath Cold water bath
(1) (2) (3)
Leukocyte(10/cell) 4.86+.72 5.01+£.92 5.47+1.13
Lymphocyte(%) 41.28+9.09 42.5746.55 42.57+6.05
Swimmers Monocyte(%) 4.14+457 3.71+1.60 4.71+3.30
(n=7) Neutrophil(%5) 51.71+10.06 51.43+6.65 50.43+5.71
Eosinophil(%) .86+1.07 1.57+.97 1.00+.82
Basophil(%) b57+.79 71£.95 71+.95
Leukocyte(10%/cell) 5.83£1.12 5.58+.75 6.11£.86
Non-swimme Lymphocyte(%) 34.28+10.11* 30.86+9.21" 30.86+8.31
s Monocyte(%) 4.00£1.00 4.57+1.62 4.86+2.27
(n=7) Neutrophil(%6) 59.71+10.06 63.71+10.42° 61.00+8.87"
Eosinophil (%) 1.14+.89 1.14+£.69 1.86%£1.57
Basophil(%6) D7+.79 43+.53 43+ .53
Values are meanzstandard deviations.
*p<.05 . compared to the rest within group #p<.05 : between groups

The serum cortisol hormone and plasma angiotensinIl, renin level was displayed in
Table 2. Cortisol level was slightly lower in the swimmers than in the non-swimmers
(10.65+258 vs 14.58£5.18; NS). Compared with the rest, both groups showed no
significant differences in terms of hormone change. Angiotensinll and renin levels were
increased after the dry sauna bath (p<. 001), but there were no significant differences
in cold water bath compared with the rest. Moreover, renin and angiotensinll levels
were decreased after the cold water bath compared with the sauna bath (p<.001).
However, there were no significant differences in cortisol, renin and angiotensinlIl
levels between the groups.

Table 3. indicates changes in the leukocyte, their subsets and monocyte in response
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to the dry sauna and cold water bath. Compared with the rest, the swimmers and
non-swimmers group showed no significant differences in all parameters after the dry
sauna and cold water bath. But compared between the groups, non—-swimmers showed
higher in the lymphocyte at rest, after dry sauna and cold water bath than those of
swimmers (p<. 05). In addition, the level of neutrophil of the non-swimmers was
higher after dry sauna and cold water bath compared to those of the swimmers (p<.
05).

Table 4. Changes of serum immunoglobulin levels and NK cell proportion after dry

sauna and cold water bath.

Res Sauna bath Cold water bath
Group Parameters
t(1) (2) (3)
IgA(mg/dl) 181.14+72.65 172.00+61.32 178.43+70.13
Swimmers IgG(mg/dl) 1280.00£199.67 1334.28+225.89 1237.14+171.44
(n=7) IgM(mg/dl) 207.57+56.72 196.86+52.95 192.71+51.26
NK cell(%) 7.91+4.44 7.18+4.30 7.84+4.05
IgA(mg/dl) 167.14+36.22 174.14£47.03 168.57£53.97
Non-swimmers  IgG(mg/dl) 1185.71+276.82 1257.14+394.36 1208.57+291.17
(n="7) IgM(mg/dl) 192.43+53.25 190.86+£52.07 191.43+55.67
NK cell(%) 13.28+8.05 10.18+7.19" 9.93+5.79"

Values are meanzstandard deviations.
*p<.05 : as compared to the rest within the group

Table 4. presents changes in the serum IgA, IgG, IgM levels and the percentage of
NK cell in response to the dry sauna bath and cold water bath. Compared with the
rest, the swimmers showed no significant difference in serum changes after sauna
bath. Whereas, the percentage of NK cell of the non-swimmers were decreased after
dry sauna bath and cold water bath (p<. 05). There were no significant differences in

serum IgA IgG, IgM levels and a percentage of NK cell between the groups.

IV. Discussion and Conclusion

This study was to examines the effect of dry sauna and cold water bath on the
blodd hormon and immune responses. Relatively a short time exposure (10 minutes) of
swimmers and non-swimmers to the dry sauna bath were associated with marked increase
in plasma renin and angiotensin II levels. But there were significantly decreased after
the cold water bath (see, Table 2).

Previous reported, Lammintausta, Syvalahti & Pekkarinen(1976) found that plasma
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renin activity was increased during dry sauna bath(18). Kosunen, Pakarinen,
Kuoppasalmi & Adlercreutz (1976) also found that the concentration of the plasma
angiotensinIl was increased by the sauna(l14). In the present study, no changes in
lymphocyte, leukocyte and their subsets, and monocyte after the dry sauna bath and
the cold water bath were found. However, the lymphocyte levels of the non-swimmers
were lower in rest after the dry sauna and after cold water bath compared with those
of the swimmers. Whereas, the neutrophil level of the non-swimmers were higher after
the dry sauna and cold water bath compared with those of swimmers. This present
results are in disagreement with the data of Dugue, & Leppanen (2000). Interestingly,
Dugue et al. (2000) report that the monocyte level of the habitual winter swimmers
were decreased after the dry sauna and cold stress compared with those of the
non-habitual winter swimmers(6). Neutrophil and monocyte counts were also increased
during and for two hours following this stimulus (12, 13).

We observed that at rest, the concentration of serum IgA, IgG, IgM levels in the
swimmers are higher than those in the non-swimmers. Whereas the percentage of NK
cell of the swimmers was lower than those of the non-swimmers. However, no
significant differences were found between the groups. This results are in agreement
with data of Pedersen, Rohde, & Zacho (1996), Mackinnon (2000) and Reid, Drummond,
& MacKinnon (2001). MacKinnon et al. (2000) concluded report that high performance
athletes are generally not clinically immune deficient. However, there is evidence that
several immune parameters are suppressed during prolong periods of intense exercise
training. These include decrease in neutrophil function, serum and salivary
immunoglobulin concentrations and natural killer cell number and possibly cytotoxic
activity in peripheral blood. Moreover, the incidence of symptoms of upper respiratory
tract infection increase during periods of overtraining.

The percentage of NK cell was no change after the sauna bath and cold water bath
in swimmers whereas it decreased in non-swimmers(see, Table 4). The heat exposure
may either increase or decrease NK cell activity, depending on the magnitude of the
increase in temperature, the duration of exposure to the hot environment, and the
intensity and duration of any associated physical activity(28).

On the contrary, Lackovic, Borecky, Bigas & Rovensky (1988) exposed subjects to
4°C air for 30 min. This stimulus led to release of NK cell cytolytic activity(17).
Jansky ,Pospislova, Honzova, Ulicny, Sramek, Zemen, & Kaminkova (1996) exposed
healthy men to 14°C water for 1 hour three times per week for six weeks(10). This
stimulus induced a considerable increase in leukocyte count. If exposed to cold air
precipitates bronchospasm, levels of the immunoglobulin associated with anaphylatic

reactions (IgE) may also be increased. Subsequent cold exposure induced a leukocytosis and
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granulocytosis, an increase in natural Killer cell count and activity, and a rise in circulating
levels of interleukin-6(2).

The present results have shown that the physiological and hormone responses were
changed after dry sauna and cold water bath. In addition, at rest, the percentage of
NK cell of the non-swimmers showed higher value than that of the swimmers. This
percentage of NK cell was significantly decreased in the non-swimmers after the
sauna bath and cold water bath.

Overall, these results indicate that acute heat and cold exposure has immunostimulating
effect. But changes in the immune system after single or repeated the dry sauna and
cold water bath seem to be relatively small and their biological significance is not
clear, and it is as yet unclear how interindividual differences in fitness, and heat or
cold acclimatization affect immune responses in the hot and cold environment.

However, it is certain that those who are non-—adapted on the cold water or cold
environment may have more chance to increase the risk on the health status after
acute hyperthermia and cold environment exposure, and that would be increased risk of

viral infectious specially.

References

[1] Brenner, I. K. M., Severs, Y. D., Shek, P. N., and Shephard, R. J. Impact of heat
exposure and moderate, Intermittent exercise on cytolytic cells. Eur J Appl
Physiol, 74, 162-171, 1996.

[2] Brenner, I. K. M., Castellani, J. W. Gabaree, C., Young, A. J., Zamecnik, ]J.,
Shephard, R. J., and Shek, P. N. Immune changes in humans during exposure:
effects of prior heating and exercise. J App! Physiol, 57, 2, 699-710, 1999.

[3] Castellani, J. W., Young, A. J. Human physiological responses to cold exposure:
Acute responses and acclimatization to prolonged exposure. Autonomic
Neuroscience, Volume 196, 63-74, 2016.

[4] Castellani, J. W., Tipton, M. J. Cold Stress Effects on Exposure Tolerance and
Exercise Performance. Comprehensive Physiology, Volume 6, 443-469, 2015.

[56] Collins, K. J., and Weiner, J. S. Endocrinological aspects of exposure to high
Downing, J. F., & Taylor, M. W. The effect of in vivo hyperthermia on selected
lymphokines in man. Lymphokine Res, 6, 103-109, 1987.

[6] Dugue, B., and Leppanen, E. Adaptation related to cytokines in man: effects of
regular swimming in ice-cold water. Clinical Physiology, 20(2), 114-121, 2000.

[7] Hannuksela, M. L. and Ellahham, S.Benefits and risks of sauna bathing. American

_8_



2022F 98 EERMARIHXE F23%5 H1%E

J Med, 10, 2, 11-126, 2001.

[8] Heinonen, I, Laukkanen, J. A. Effects of heat and cold on health, with special
reference to Finnish sauna bathing. American Journal of Physiology-Regulatory,
Integrative and Comparative Physiology, Vol, 314, No, 5, 629-638, 2018.

[9] Imamura, M., Biro, S., & Kihara, T., et al. Repeated thermal therapy improves
impaired vascular endothelial function in patients with coronary risk factors.
Journal of the American College of Cardiology, Vol, 38, No, 4, 1083-1088, 2001.

[10] Jansky, L., Pospislova, D., Honzova, S. Ulicny, B., Sramek, P., Zemen, V., and
Kaminkova, J. Immune system of cold exposed and cold adapted humans.
Eur./ . Appl Physiol 72, 445-450, 1996.

[11] Kauppine, M., Vuori, . Man in the sauna. Ann Clin Res, 18, 173-185, 1986.

[12] Kappel, M., Stadeager, C., Tvede, N., Galbo, H., & Pedersen, B. K. Effects of in
vivo hyperthermia on natural killer cell activity, in vitro proliferative responses and blood
mononuclear cell populations. Clin Exp Immunol, 175-180, 1991.

[13] Kappel, M., Kharazami, A., Nielsen, H., Ghyrs, A., & Pedersen, B. K. Modulation
of the counts and functions of neutrophils and monocytes under in Vivo
hyperthermia conditions. [Int J Hyperthermia, 10, 165-173, 1994.

[14] Kosunen, K. J., Pakarinen, A. J., Kuoppasalmi, K., and Adlercreutz, H. Plasma
renin activity, angiotensinll, and aldosterone during intense heat stress. J App/
Physiol, 41, 323-327, 1976.

[15] Kukkonen-Harjular, K., and Kauppinen, K. How the sauna effects the endocrine
system. Ann. Clin. Res, 20, 262-266, 1988.

[16] Kukkonen-Harjula, K., Kauppinen, K. Health effects and risks of sauna bathing.
International Journal of Circumpolar Health, 65(3), 195-205, 2006.

[17] Lackovic, V., Borecky, L., Bigas, M., and Rovensky, J. Activation of NK cells in
subjects exposed to mild hyper or hypothermia load. J Interferon Res, 8 393-402,
1988.

[18] Lammintausta, R., Syvalahti, E., and Pekkarinen, A.Changes in hormone reflecting
sympathetic activity in the Finnish sauna. Ann. Clin. Res, 8 266-271, 1976.

[19] Laukkanen, T., Kunutsor, S. T., & Zaccardi, et al. Acute effects of sauna bathing
on cardiovascular function. Journal of Human Hypertension vol, 32, 129 - 138, 2018.

[20] Leppaluoto, J., Arjamaa, O., Vuolteenaho, o., and Ruskoaho, O. Passive heat
exposure leads to delayed increase in plasma levels of artrial natriuretic peptide in
humans. J. Appl Physiol, 71, 716-720, 1991.

[21] MacKinnon, L. T. Special feature for the olympics: effects of exercise on the
immune system: overtraining effect on immunity and performance in athletes.
Immunol Cell Biol, 78 5, 52-509, 2000.

_9_



Effects of blood hormone and immune response after the dry sauna and the cold water bath

[22] Pedersen, B K., Rohde, T., and Zacho, M. Immunity in athletes. J Sports Med
Phys Fitness, 36, 4, 236-245, 1996.

[23] Perasalo, J. Traditional use of the sauna for hygiene and health in Finland. Ann
Clin Res, 20, 220-223, 1988.

[24] Reid, M. R., Drummond, P. D., and MacKinnon, L. T. The effect of moderate
exercise and relaxation on secretory immunoglobulin A. Int J Sports Med, 22, 2,
132-137, 2001.

[25] Selye, H. A. (1936). A syndrome produced by various noxious agents. Nature,
138, 32.

[26] Severs, Y., Brenner, L., Shek, P. N., and Shephard, R. ]J. Effects of heat and
intermittent exercise on leukocyte and subpopulation cell counts.Eur J Appl
Physiol, 74, 234-245, 1996.

[27] Severs, Y. Brenner, L., Shek, P. N, and Shephard, R. J. Effects of heat and
intermittent exercise on leukocyte and subpopulation cell counts. Fur J Appl
Physiol, 74, 234-245, 1996.

[28] Shephard, R. J. Immune changes induced by exercise in an adverse environment.
Can J Physiol Pharmacol, 76, 539-546, 1988.

[29] Slade, J. D., & Hepburn, B. Prednisione-induced alterations of circulating human
lymphocyte subsets. L Lab Clin Med, 101, 479-487, 1983.

[30] Valtakari, P. The sauna and bathing in different countries. Ann Clin Res, 20,
230-235, 1988.



