
INTRODUCTION

Winter swimming is a form of physical activity associated with
short lasting repeated bathing in a cold water reservoirs during the
winter season. In recent years, this type of recreation has risen in
popularity in certain countries, including Poland (1). Exposure to
cold water can lead to different physiological responses, depending
on adaptation state, gender, level of physical activity, methodology
of an experiment and duration of body immersion. Therefore,
short-term and repetitive immersion must be distinguished from
long-lasting endurance swimming in a cold water due to deep
tissue cooling that may cause an impairment of physical and
thermoeffector performance (2, 3). Moreover, a large number of
studies regarding open cold-water swimming concerns problems
related with hypothermia and afterdrop phenomenon using pre-
and post-exposure measurements (4, 5), which should not be
confused with adaptive changes evoked by repetitive stressor.

It has been shown that regular recreational swimming in a
cold water affects human health by initiating immediate and long-
term physiological and biochemical responses (6, 7). Evidence-
based benefits of cold water swimming and cold water immersion
include, among others, improvement of antioxidant protection and
immune responses, better recovery of fatigued muscles, analgesia
involving different endogenous pathways, and some metabolic
improvements (8-13). These positive reactions represent a
complex body adaptation to active cold water immersion and are
often associated with cold water habituation and acclimatization.

In naked individuals, winter outdoor swimming rapidly
decreases body surface temperature because of greater thermal
conductance of water and sympathetically driven cutaneous
vasoconstriction that occurs early as a natural reflex preventing
heat loss. There are also other non-noradrenergic mechanisms
that contribute to this reflex (14). At the same time voluntary
muscle contractions and brown adipose tissue activity increase
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Recreational winter swimming in cold sea water evokes body responses to regularly repeated cold water immersion.
However, the understanding of adaptive changes is still limited and data regarding very short-term exposure to severe cold
stress are scarce. The purpose of the study was to examine the effects of regular active cold water exposure on resting
blood elements and erythropoietin in male and female cold water swimmers (CWSs). Thirty four healthy subjects (18 men
and 16 women) aged 50.0 ± 12.2 years were swimming in cold sea water during winter season at least twice a week. The
average water temperature was 9.5°C in October, 1.0°C in January and 4.4°C at the end of April. Fasting blood samples
were taken within the first weeks of October, January and April. Serum erythropoietin (EPO), complete blood count
(CBC) including evaluation of: red blood cells (RBC count, hemoglobin, hematocrit and RBC indices), white blood cells
(WBC count with WBC differential), platelets (PLT count), serum folate and serum immunoglobulins (IgG, IgA, IgM)
were determined. Between October and April an increase was observed in the following parameters: RBC (from 4.8 ×
1012/L to 5.2 × 1012/L, P < 0.001), hemoglobin (from 8.6 mmol/L to 9.4 mmol/L, P < 0.001), MCH (from 1.8 fmol to 1.9
fmol, P = 0.003), MCHC (from 19.9 mmol/L to 20.6 mmol/L, P < 0.001), EPO (from 6.3 IU/L to 8.1 IU/L, P = 0.001).
At the same time decreased concentrations of PLT (from 249.9 × 109/L to 221.6 × 109/L, P = 0.005), folate (from 10.5
ng/mL to 7.4 ng/mL, P < 0.001) and immunoglobulins (IgG: from 11.8 g/L to 10.9 g/L, P < 0.001; IgA: from 2.5 g/L to
2.2 g/L, P < 0.001; IgM: from 0.9 g/L to 0.8 g/L, P < 0.001). Statistically significant changes in EPO and PLT values were
noted only in female CWSs. We conclude that regular cold water swimming induces adaptive changes in the resting blood
elements and EPO concentrations which are more evident in female organism.
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metabolic heat production which, in turn, may lead to skin
vasodilation (cold-induced vasodilation, CIVD), rapid muscle
cooling and increased oxygen demand for a specific exercise
workload reflected by oxygen consumption (VO2) (15-17).
Studying the balance between increased metabolic heat
production and the inhibition of heat loss under cold conditions,
T. Maeda has found that the peripheral vasomotor system
increases sensitivity to cold stress when combined with regular
exercise, leading to increased vasoconstriction ability and better
cold tolerance (18). Due to initial vasoconstriction cold water
exposure limits oxygen delivery to the peripheral tissues (skin
and muscles), while physical activity increases body’s demands
for oxygen. In these circumstances, one may expect body
responses in order to sustain oxygen balance between oxygen
supply and demand. Level of red blood cells (RBCs) and
hemoglobin content reflect body’s capacity to carry oxygen in
blood. Under normal conditions, any increase in oxygen
consumption is associated with an adjustment in oxygen-
carrying capacity involving, among others, mechanisms that
might reflect increased erythropoietic output. Experimental
studies on murine models have shown that significantly
increased rate of erythropoiesis and enhanced EPO mRNA
expression in the kidney are induced by exposure to low ambient
temperature (19). Whether repeated cold water bathing evokes
similar effects in humans is unknown. In adults erythropoietin
(EPO) is produced by kidneys and, to a lesser degree, by
nonhematopoietic sites, including skin (20, 21). Since skin has
been proposed to function as an oxygen sensor (22), one may
speculate its contribution to the up-regulation of EPO serum
levels when potent peripheral vasoconstriction occurs
repetitively. Therefore, we raised a hypothesis that regular cold
water swimming might enhance the rate of erythropoiesis as a
response to transient hypoxia.

Despite a phenomenon referred to as the “exercise paradox”,
which indicates prothrombotic effects of acute exercise (23),
findings from studies have shown that habitual moderate-
intensity exercise reduces cardiovascular risk by increasing
fibrinolytic activity and stimulating endothelial production of
nitric oxide (NO) and prostacyclin (PGI2), which are potent
vasodilators with an anti-thrombotic properties (23-25).
Considering the acute effects of moderate exercise and cold
water immersion, they are both characterized by higher platelets
(PLT) count (26), and, as suggested by others, this increment
during acute cold stress can be due to reversal
hemoconcentration (27). To date, little is known about the
prolonged effect of cold stress-exercise conditioning on resting
level of PLT and their activity. Hence, whether regular cold
water swimming enhances or inhibits the body’s ability to
prevent thrombosis remains to be elucidated.

It is agreed that acute and chronic exercise alter the number
and function of circulating cells of the immune system. Evidence
indicates that acute exercise initially results an increased number
of blood neutrophils, monocytes and lymphocytes which is
likely due to stress hormones activity and shift from the marginal
to circulating pool (28-30). This response is transient, depends
on exercise intensity and duration, and reverses soon after
exercise session. Moreover, the ability of the immune system to
respond to exogenous stimuli may be diminished because
mobilized cells may have different functional abilities to those
already in the circulation, or, depending on exercise intensity,
cortisol may act as a potent immunosuppressive agent (31).
According to moderate regular exercise, it has been shown that
this type of activity may reduce blood neutrophils and exert
long-term anti-inflammatory effects (32, 33). It seems probable
that regular cold exposure may have additive effect on boosting
immune system because it may induce a physiological change of
an adaptive character, associated with increased tolerance to

stress. Although there is a large body of anecdotal evidence
suggesting that regular ice water bathing positively affects
immunity, scientific data are scarce and mixed (34).

In this study we aimed to evaluate body adaptation to
physical exercise in a cold environment in order to verify the
possible responses in resting blood count level,
immunoglobulins and serum erythropoietin concentration in
humans.

MATERIALS AND METHODS

Study population

Written agreement of participation was taken from all
individuals. The study was performed in accordance with the
Declaration of Helsinki and approved by the by the local Ethics
Committee (Ethics Committee of Poznan University of Medical
Sciences; Ref.KB-1006/13, annex Ref.KB- 889/18).

In 2017, before winter swimming season, cold water
swimmers (CWSs) were recruited from Kolobrzeg Walruses
Club (KWC). Participant recruitment started with an
announcement posted on the KWC website before the winter
swimming season. All individuals interested in the study
participation were asked to return a declaration form with a
baseline questionnaire and contact details. In the second phase of
recruitment, individuals were contacted by phone and invited to
undergo a medical examination. In October, 72 healthy
volunteers regularly practicing outdoor winter swimming for at
least 2 years agreed to participate in the study. In January, 62
people applied for further examination and collection of blood (8
were unable to attend without giving any reason, 2 were
excluded because of acute infection). In April, 5 people were late
for sample collection, 8 were unable to commit time, 1 did not
attend because of leg injury, 10 were unable to attend without
giving any reason, 4 were excluded because of drinking alcohol
the day before. Finally, all three stages of the study were
completed by 34 people (16 women and 18 men). To meet
inclusion criteria, all participants underwent medical
examination and completed assessment survey on general health
and physical activity. Diabetes, hypertension, dyslipidemia,
inflammation, malignancy, chronic diseases, drug treatment
were the factors that disqualified from participating in this study.
Exclusion criteria included also any routine medications,
hormone replacement therapy, or dietary supplements.

From October to April, twice a week or more than twice a
week, CWSs were taking baths in the cold water of the Baltic
Sea without wearing protection against the cold. They swam at
the natural seawater temperature ranging: 9.5°C in October,
1.0°C in January and 4.4°C at the end of April. Cold water
bathing was preceded by a short lasting (few minutes) warm-up
activity. CWSs swam at the intensity comparable with
recreational swimming (between 3 – 6 metabolic-equivalents)
for less than 15 min (most often 5 – 8 min). All study participants
were asked to maintain their normal dietary and physical activity
behaviors. For examining the possible adaptive effects of cold
water swimming fasting blood samples were taken at three time-
points of our study: at the beginning (October), in the middle
(January) and at the end (April) of one winter swimming season.

The control group (n = 23) was recruited from occupational
medicine outpatient clinic among individuals, who practiced
recreational walking. Inclusion criteria were similar to the CWS
group except from different winter physical activity. We
included healthy adults who did not exceed 70% of maximal
heart rate (HRmax) when walking at approximately 3 mph for 15
– 30 min twice a week. This type of physical activity represents
moderate intensity of exercise (3.0 – 6.0 metabolic equivalent of
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task, METs) comparable with recreational swimming. Exercise
intensity was controlled using target heart rates (less than 70%
of HRmax) and the talk test (ability to talk during exercise).
HRmax was calculated by Maximum Heart Rate Calculator
(available on Norwegian University of Science and Technology
web site: https://www.ntnu.edu/cerg/hrmax ), which is based on
a formula: 211 – 0.64 × age. Heart rate during exercise was
measured using commercially available smart wirstbands
(Smartband SAMSUNG Galaxy Fit-e). Initially 30 people were
recruited. In January, one of them was excluded because of acute
infection and 6 was unable to attend without giving any reason.

Anthropometric and biochemical measurements

Anthropometric parameters included body mass index (BMI).
Weight was measured to the nearest 10 g (electronic personal
scale, Mensor WE150P1). Height was measured to the nearest 5
mm, using a wall-mounted stadiometer (Comed). Body mass
index (BMI; kg/m2) was calculated as weight (kg)/height (m)2.

To examine long-lasting adaptive responses and exclude
rapid effect of cold stress and physical activity fasting blood
samples (following 10 hours of nocturnal fast), before cold
swimming, were taken twice a week within the first weeks of
October, January and April.

Serum erythropoietin (EPO) was examined by Elisa method
(Elisa kit cat. No EIA3646, DRG international, Germany) using
Synergy™ 2 Multi-Detection Microplate Reader (Biotek
Instruments, Winooski, VT, USA). Dimension EXL with LM
Integrated Chemistry System Analyzer combined with Advia
2120 system (Siemens, Newark, US) was used to determine the
following parameters: complete blood count (CBC) including

evaluation of red blood cells (RBC) count, hemoglobin (Hb),
hematocrit (Hct) and red blood cells indices: mean corpuscular
volume (MCV), mean corpuscular hemoglobin (MCH), mean
corpuscular hemoglobin concentration (MCHC), white blood cells
(WBC) count with WBC differential, platelets (PLT count) as well
as serum folate and serum immunoglobulins (IgG, IgA, IgM).

Statistical analysis

Statistical analysis was performed by Statistica for Windows
10.0 (StatSoft, Poland). Analyzed data were presented as means
and standard deviations or medians with a range. The
assumptions that data follow a normal distribution were checked
by Shapiro-Wilk’s test. The t-Student test was used for
comparing data with normal distribution. In case the data did not
follow a normal distribution differences between groups were
detected by Mann-Whitney U-test. One way analysis of variance
(ANOVA) repeated measure with Tukey’s HSD post-hoc test or
the Friedman ANOVA with Dunn’s post-hoc test for variables
lacking normal distribution were applied for seasonal changes
analysis. P-value below 0.05 was considered as significant.

RESULTS

General health

Among 34 CWSs only 4 individuals experienced mild
symptoms of common cold lasting no more than 7 days within
whole winter time. In the control group 2 people required
antibiotic treatment due to the upper respiratory tract infection
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Variable                                     Study population  
 
 

    CWS 
  (n = 34) 

    CG 
  (n = 23)   P test 

Age  (years) 50.0 ± 12.2 46.0 ± 14.1 0.073 TS 
BMI  (kg/m2) 26.7 ± 4.6 25.8 ± 3.4 0.132 TS 
Folate  (ng/mL) 10.5 (5.2 – 23.2) 10.8 (6.5 – 13.3) 0.852 MW 
Hb  (mmol/L) 8.6 (5.7 – 10.2) 8.7 (7.5 – 9.9) 0.574 MW 
WBC  (×106/L) 5.6 ± 1.4 6.4 ± 1.5 0.038 TS 
RBC  (×1012/L) 4.8 ± 0.4 4.8 ± 0.4 0.947 TS 
Hct  (L/L) 0.4 (0.3 – 0.5) 0.4 (0.3 – 0.5) 0.955 MW 
MCV  (fL) 90.9 (71.9 – 96.0) 90.9 (71.8 – 94.5) 0.564 MW 
MCH  (fmol) 1.8 (1.3 – 2.0) 1.8 (1.3 – 1.9) 0.417 MW 
MCHC  (mmol/L) 19.9 (17.8 – 20.8) 19.8 (17.8 – 20.5) 0.187 MW 
PLT  (×109/L) 249.9 ± 54.4 238.8 ± 51.2 0.443 TS 
Neutrophils  (×109/L) 2.9 ± 1.2 2.7±1.2 0.566 TS 
Lymphocytes  (×109/L) 1.5 (1.0 – 3.3) 1.6 (1.0 – 3.3) 0.569 MW 
Monocytes  (×109/L) 0.3 (0.2 – 0.9) 0.3 (0.2 – 0.7) 0.684 MW 
Eosinophils  (×109/L) 0.2 (0.0 – 0.5) 0.1 (0.0 – 0.3) 0.353 MW 
Basophils  (×109/L) 0.0 (0.0 – 0.1) 0.0 (0.0 – 0.1) 0.273 MW 
IgG  (g/L) 11.8 ± 2.0 12.2 ± 1.3 0.349 TS 
IgA  (g/L) 2.5 ± 1.1 2.9 ± 0.7 0.099 TS 
IgM  (g/L) 0.9 (0.3 – 2.3) 1.3 (0.8 – 2.1) 0.018 MW 
EPO  (IU/L) 6.3 ± 1.7 6.1 ± 1.6 0.672 TS 

Normally distributed data are presented as means ± SD. Non-normal data are presented as medians. The threshold level of significance is
P £ 0.05. Abbreviations: BMI, body mass index; CWS, cold water swimmers; CG, control group; EPO, erythropoietin; Hb, haemoglobin;
Hct, haematocrit; MW, Mann-Whitney test; MCH, mean corpuscular haemoglobin; MCHC, mean corpuscular hemoglobin concentration;
MCV, mean corpuscular volume; PLT, platelets; RBC, red blood cells; TS, T-Student test; WBC, white blood cells.

Table 1. Resting variables of CWS and control group at the beginning of the study (October).



and 5 reported symptoms of common cold with treatment
directed at relieving signs.

Comparison of variables measured in cold water swimmers
with the control group

The baseline biochemical parameters and demographic
characteristics of CWCs and controls are given in Table 1. Any
statistically significant change in measured parameters did not
exceed normal/reference range.

There were no statistical differences between CWSs and the
control group in term of BMI (P = 0.132). Both, CWSs and
controls were not obese. CWSs had lower WBC count (P =
0.038) and serum IgM concentration (P = 0.018) when compared
with the controls. Serum EPO and folate concentrations did not

differ significantly when compared with the control group (P =
0.672 and P = 0.852, respectively).

Seasonal changes in serum erythropoietin measured at three
time-points within one winter swimming season

In all CWSs serum EPO significantly increased in January,
and in April (at first and second time-point) with respect to
October (Table 2). In female CWSs serum EPO levels were
significantly increased in the middle of swimming season
(second time-point) and remained at that level until the end of
the study (Table 3). Similar trend was observed in male CWSs,
but the change was not statistically significant (Table 4). There
were no seasonal changes in serum EPO levels in the control
group (Table 5).
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Variable  

Swimming season - month Test Comparison 
October (1) January (2) April (3) F P test 1 vs. 2 1 vs. 3 2 vs. 3 

BMI 
(kg/m2) 26.7 ± 4.6 26.9 ± 4.7 26.8 ± 4.7 10.43 0.356An    

Folate 
(ng/mL) 

10.5 
(5.2 – 23.2) 

8.5 
(4.6 – 26.7) 

7.4 
(4.3 – 23.4) 26.86 < 0.001 Fri 0.013 < 0.001 – 

Hb 
(mmol/L) 

8.6 
(5.7 – 10.2) 

9.1 
(5.6 – 10.6) 

9.4 
(6.8 – 10.7) 32.52 < 0.001 Fri 0.011 < 0.001 0.019 

WBC 
(×106/L) 5.6 ± 1.4 5.7 ± 1.6 5.3 ± 1. 6 1.27 0.286 An    

RBC 
(×1012/L) 4.8 ± 0.4 4.7 ± 0.4 5.2 ± 0.4 21.5 < 0.001 An – < 0.001 < 0.001 

Hct 
(L/L) 

0.4 
(0.3 – 0.5) 

0.5 
(0.3 – 0.5) 

0.5 
(0.4 – 0.5) 14.06 0.001 Fri – 0.001 – 

MCV 
(fL) 

90.9 
(71.9 – 96.0) 

94.6 
(70.1 – 99.4) 

90.3 
(79.5 – 94.5) 38.88 < 0.001 Fri < 0.001 – < 0.001 

MCH 
(fmol) 

1.8 
(1.3 – 2.0) 

1.9 
(1.3 – 2.0) 

1.9 
(1.6 – 2.0) 45.83 < 0.001 Fri < 0.001 0.003 0.003 

MCHC 
(mmol/L) 

19.9 
(17.8 – 20.8) 

20.4 
(18.3 – 21.9) 

20.6 
(19.6 – 21.7) 36.41 < 0.001 Fri < 0.001 < 0.001 – 

PLT 
(×109/L) 249.9 ± 54.4 238.3 ± 52.3 221.6 ± 45.5 5.33 0.007 An – 0.005  

Neutrophils 
(×109/L) 2.9 ± 1.2 3.2 ± 1.3 2.9 ± 1.3 5.72 0.005 An 0.009 – 0.020 

Lymphocytes 
(×109/L) 

1.5 
(1.0 – 3.3) 

1.6 
(1.0 – 3.3) 

1.6 
(1.0 – 3.3) 10.23 0.006 Fri 0.001 – – 

Monocytes 
(×109/L) 

0.3 
(0.2 – 0.8) 

0.4 
(0.2 – 0.8) 

0.3 
(0.2 – 0.8) 2.24 0.327 Fri    

Eosinophils 
(×109/L) 

0.2 
(0.0 – 0.5) 

0.2 
(0.0 – 0.5) 

0.2 
(0.0 – 0.5) 1.76 0.416 Fri    

Basophils 
(×109/L) 

0.0 
(0.0 – 0.1) 

0.0 
(0.0 – 0.1) 

0.1 
(0.0 – 0.1) 6.88 0.032 Fri – – 0.028 

Ig G 
(g/L) 11.8 ± 2.0 11.3 ± 2.0 10.9 ± 1.9 19.27 < 0.001 An 0.005 < 0.001 0.012 

Ig A 
(g/L) 

2.5 
(0.7 – 5.0) 

2.2 
(0.7 – 13.1) 

2.2 
(0.8 – 4.8) 21.73 < 0.001Fri – < 0.001 0.023 

Ig M 
(g/L) 

0.9 
(0.3 – 2.3) 

0.9 
(0.2 – 2.2) 

0.8 
(0.2 – 2.1) 24.76 < 0.001Fri – < 0.001 0.023 

EPO 
(IU/L) 6.3 ± 1.7 8.8 ± 2.3 8.1 ± 1.9 16.19 < 0.001Fri 0.005 0.001 – 

 
                                       

                              

                      

 

 

Normally distributed data are presented as means ± SD. Non-normal data are presented as medians. The threshold level of significance
is P £ 0.05. Abbreviations: 1, variable measured in October; 2, variable measured in January; 3, variable measured in April within one
swimming season; An, Anova test; BMI, body mass index; EPO, erythropoietin; Fri, Friedman test; Hb, haemoglobin; Hct,
haematocrit; MW, Mann-Whitney test; MCH, mean corpuscular haemoglobin; MCHC, mean corpuscular hemoglobin concentration;
MCV, mean corpuscular volume; PLT, platelets; RBC, red blood cells; WBC, white blood cells.

Table 2. Variables of cold water swimmers (n = 34) within one swimming season.



Seasonal changes in serum folate measured at three time-points
within one winter swimming season

In CWSs serum folate concentrations decreased significantly
at second and third time-point of the study, when compared with
the beginning (Table 2). Statistically significant decrease was
present both, in males and females. In the controls, when
compared with the baseline values, serum folate level dropped in
January and then returned to initial values.

Seasonal changes in other parameters measured at three time-
points within one winter swimming season

At the end of swimming season values of Hb, RBC, MCHC
and MCH were significantly higher in the CWS group when

compared with the beginning of the study (first versus third time
point of the study). Conversely, PLT, IgG, IgM and IgA levels
were significantly lower (Table 2). Considering females and
males separately, drop in PLT was seen only in women (Table 3
and Table 4).

In the control group no significant changes were observed in
the following parameters: Hb, RBC, WBC, Hct, MCH, MCHC,
IgG, IgM, while PLT concentration increased in the second and
third time point compared with the baseline values (Table 5).

Regarding gender-specific findings in the control group -
when compared with baseline values increased resting mean
PLT was observed in the mid-season both, in men and women
(242.0 ± 59.1 versus 330.0 ± 57.9, P = 0.028 and 235.9 ± 45.1
versus 332.2 ± 73.0, P = 0.020 in men and in women
respectively), and this effect persisted after next four months in
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Variable 
 

Swimming season - month                 Test Comparison 
October (1) January (2) April (3) F Ptest 1 vs. 2 1 vs. 3 2 vs. 3 

BMI                                       
(kg/m2) 26.4 ± 6.0 26.6 ± 6.2 26.2 ± 6.0 15.56 0.215An    

Folate                                    
(ng/mL) 

8.7 
(5.1 – 20.6) 

8.0 
(4.6 – 18.0) 

6.5 
(4.2 – 16.7) 9.13 0.010 Fri – 0.008 - 

Hb                                         
(mmol/L) 

8.2 
(5.7 – 8.7) 

8.4 
(5.8 – 9.7) 

8.8 
(6.9 – 10.2) 15.71 < 0.001 Fri – < 0.001 - 

WBC                                    
(×106/L) 5.5 ± 1.6 5.7 ± 1.8 4.9 ± 1.5 4.61 0.018 An – – 0.018 

RBC                                     
(×1012/L) 4.5 ± 0.2 4.4 ± 0.4 4.7 ± 0.3 11.35 < 0.001 An – 0.005 < 0.001 

Hct                                           
(L/L) 

0.4 
(0.3 – 0.5) 

0.4 
(0.3 – 0.5) 

0.4 
(0.4 – 0.4) 4.88 0.087 Fri    

MCV                                         
(fL) 

91.0 
(71.9 – 94.9) 

95.6 
(70.1 – 98.4) 

91.3 
(79.5 – 94.3) 14.63 < 0.001 Fri 0.024 – < 0.001 

MCH                                      
(fmol) 

1.8 
(1.3 – 2.0) 

2.0 
(1.3 – 2.0) 

1.9 
(1.6 – 2.0) 17.84 < 0.001 Fri < 0.001 – - 

MCHC                                
(mmol/L) 

19.8 
(17.8 – 20.8) 

20.5 
(18.3 – 21.9) 

20.6 
(19.6 – 21.3) 16.63 < 0.001 Fri 0.008 <0.001 – 

PLT                                    
(×109/L) 257.5 ± 45.0 247.1 ± 55.4 227.7 ±42.8 4.39 0.021 An – 0.018 – 

Neutrophils                             
(×109/L) 2.6 ± 1.0 3.1 ± 1.0 2.7 ± 1.0 4.33 0.022 An 0.028 – – 

Lymphocytes                              
(×109/L) 

1.6 
(1.0 – 3.3 ) 

1.7 
(1.0 – 3.3) 

1.6 
(1.0 – 3.3) 3.26 0.196 Fri    

Monocytes                             
(×109/L) 

0.3 
(0.2 – 0.7) 

0.4 
(0.2 – 0.7) 

0.3 
(0.2 – 0.7) 3.22 0.200 Fri    

Eosinophils                             
(×109/L) 0.1 ± 0.1 0.2 ± 0.1 0.1 ± 0.1 0.55 0.585 An    

Basophils                                 
(×109/L) 

0.0 
(0 – 0.1) 

0.0 
(0 – 0.1) 

0.0 
(0 – 0.1) 2.57 0.276 Fri    

IgG                                       
(g/L) 11.7 ± 1.7 10.9 ± 1.4 10.3 ± 1.3 11.67 < 0.001 An – <0.001 0.005 

IgA                                             
(g/L) 2.2 ± 1.1 2.0 ± 0.9 1.9 ± 0.8 2.43 0.105 An    

IgM                                      
(g/L) 1.1 ± 0.6 1.1 ± 0.5 1.0 ± 0.5 7.67 0.002 An – 0.002 0.035 

EPO 
(IU/L) 

5.4 
(4.0 – 9.6) 

8.5 
(5.5 – 15.1) 

8.7 
(5.9 – 12.8) 19.46 < 0.001 Fri < 0.001 < 0.001 – 

 
                         

  A                       

                   

               

          

 

Normally distributed data are presented as means ± SD. Non-normal data are presented as medians. The threshold level of significance
is P £ 0.05. Abbreviations: : 1, variable measured in October; 2, variable measured in January; 3, variable measured in April within
one swimming season; An, Anova test; BMI, body mass index; EPO, erythropoietin; Fri, Friedman test; Hb, haemoglobin; Hct,
haematocrit; MW, Mann-Whitney test; MCH, mean corpuscular haemoglobin; MCHC, mean corpuscular hemoglobin concentration;
MCV, mean corpuscular volume; PLT, platelets; RBC, red blood cells; WBC, white blood cells.

Table 3. Variables of female cold water swimmers (n = 16) within one swimming season.



women only (235.9 ± 45.1 in October versus 281.1 ± 65.3 in
April, P = 0.03).

No other gender-specific changes regarding controls were
observed.

DISCUSSION

Results of the present study demonstrate that 7 months of
regular cold water swimming during winter season contribute to
increased serum EPO concentration. To our knowledge, this is
the first study testing the hypothesis that repeated short-term
cold water bathing can influence production of EPO in human
organism.

It is widely accepted that exposure to cold water reduces
blood flow through the skin and kidneys, which is sustained
throughout several minutes after immersion (21, 35, 36).
Therefore, we hypothesized that regular and short-lasting winter
swimming, that serves as a repetitive stressor working through
restricted cutaneous blood flow and transient hypoxia, may exert
adaptive changes on erythropoiesis. After three months of
regular cold exposure we found higher resting EPO
concentrations in CWSs as compared with the initial values.
This effect was also present after next four months of regular
cold water bathing. Recently, Buemi et al. have shown that skin
keratocytes can produce EPO as a response to different oxygen
concentrations (21). Reduction of blood flow through the skin
initiates keratocyte hypoxia which can be essential component of
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Variable 

Swimming season - month Test Comparison 
October (1) January (2) April (3) F Ptest 1 vs. 2 1 vs. 3 2 vs. 3 

BMI 
(kg/m2) 25.4 ± 5.9 25.6 ± 6.2 25.2 ± 6.0 18.57 0.200An – – – 

Folate 
(ng/mL) 

11.5 
(7.5 – 23.2) 

9.0 
(5.6 – 26.7) 

8.1 
(5.1 – 23.4) 18.85 < 0.001 Fri 0.018 < 0.001 – 

Hb 
(mmol/L) 

8.9 
(8.1 – 10.2) 

9.4 
(8.7 – 10.6) 9.8 ± 0.5 16.93 < 0.001 Fri – < 0.001 – 

WBC 
(×106/L) 

5.4 
(3.7 – 8.6) 

5.4 
(3.9 – 8.1) 

5.8 
(2.5 – 9.1) 0.11 0.946 Fri    

RBC 
(×1012/L) 

4.9 
(4.7 – 5.7) 

4.9 
(4.6 – 5.5) 

5.4 
(4.8 – 5.7) 10.68 0.005 Fri – 0.047 0.006 

Hct 
(L/L) 

0.5 
(0.4 – 0.5) 

0.5 
(0.4 – 0.5) 

0.5 
(0.4 – 0.5) 9.66 0.008 Fri – 0.006 – 

MCV 
(fL) 90.6 ± 2.8 94.0 ± 3.0 89.9 ± 3.1 45.00 < 0.001 An < 0.001 – < 0.001 

MCH 
(fmol) 

1.8 
(1.4 – 1.9) 

1.9 
(1.8 – 2.0) 

1.9 
(1.8 – 2.0) 28.37 < 0.001 Fri < 0.001 0.018 0.037 

MCHC 
(mmol/L) 20.1 ± 0.4 20.4 ± 0.5 20.8 ± 0.4 21.77 < 0.001 An 0.015 < 0.001 0.003 

PLT 
(×109/L) 243.2 ± 62.1 230.4 ± 49.5 216.1 ± 48.3 1.86 0.171 An    

Neutrophils 
(×109/L) 3.1 ± 1.3 3.3 ± 1.4 3.1 ± 1.4 1.51 0.235 An    

Lymphocytes 
(×109/L) 

1.5 
(1.2 – 2.9) 

1.6 
(1.2 – 2.9) 

1.6 
(1.2 – 2.9) 7.28 0.026 Fri 0.006 – – 

Monocytes 
(×109/L) 

0.4 
(0.2 – 0.8) 

0.4 
(0.2 – 0.8) 

0.4 
(0.2 – 0.8) 1.14 0.565 Fri    

Eosinophils 
(×109/L) 

0.2 
(0.1 – 0.5) 

0.2 
(0.1 – 0.5) 

0.2 
(0.1 – 0.5) 2.95 0.229 Fri    

Basophils 
(×109/L) 

0.1 
(0.0 – 0.1) 

0.1 
(0.0 – 0.1) 

0.1 
(0.0 – 0.1) 4.45 0.108 Fri    

Ig G 
(g/L) 12.3 ± 2.2 11.7 ± 2.4 11.5 ± 2.1 10.11 < 0.001An 0.006 < 0.001 – 

Ig A 
(g/L) 

2.8 
(1.0 – 5.0) 

2.8 
(0.9 – 13.1) 

2.7 
(0.9 – 4.8) 16.33 < 0.001Fri – < 0.001 0.037 

Ig M 
(g/L) 0.9 ± 0.5 0.9 ± 0.5 0.8 ± 0.4 3.60 0.062 An    

EPO 
(IU/L) 

6.8 
(3.7 – 9.4) 

8.5 
(5.7 – 13.5) 

7.6 
(5.8 – 13.9) 2.33 0.311Fri    

 
                         

  A                    

                   

               

         

 

  

Normally distributed data are presented as means ± SD. Non-normal data are presented as medians. The threshold level of significance
is P £ 0.05. Abbreviations: 1, variable measured in October; 2, variable measured in January; 3, variable measured in April within one
swimming season; An, Anova test; BMI, body mass index; EPO, erythropoietin; Fri, Friedman test; Hb, haemoglobin; Hct,
haematocrit; MW, Mann-Whitney test; MCH, mean corpuscular haemoglobin; MCHC, mean corpuscular hemoglobin concentration;
MCV, mean corpuscular volume; PLT, platelets; RBC, red blood cells; WBC, white blood cells.

Table 4. Variables of male cold water swimmers (n = 18) within one swimming season.



systemic hypoxic response, including the skin-kidney axis - a
new pathway in the control of EPO production (21). Hypoxia,
per se induces several physiological responses, including
expression of genes required for glycolysis, cell proliferation,
apoptosis and erythropoiesis (37). Recent findings suggest that
reduction of blood flow induced by cold immersion can cause
skin hypoxia and strongly stimulates expression of peroxisome
proliferator-activated receptor gamma coactivator-1 alpha
(PGC-1a), one of the major factors regulating mitochondrial
biogenesis and cellular energy metabolism (38, 39) PGC-1a
increases oxygen consumption, leading to stabilization of
hypoxia inducible factor -1 (HIF-1) (40-42), which, in turn, is a
pivotal mechanism in the transcriptional activation of EPO gene
(43, 44). Thus, PGC-1a and HIF-a appear to be a very important

regulatory factors that mediate erythropoiesis under conditions
of cold and acute hypoxia (42, 44, 45). The above research seem
to support our hypothesis that repetitive and short-term cold
exposure may affect EPO production. Interestingly, in our study,
more evident changes were present in women, whereas men
showed only a tendency to increase EPO levels. Men and
women differ in thermoregulatory responses to cold stress.
Women cool more rapidly (40) and, therefore, greater cold-
induced stressor may evoke more pronounced body’s response.
Whether exercise and cold exposure act independently or
dependently remains unclear. Several training studies have
shown that exercise alone causes only small decrease in arterial
pO2 which is barely sufficient to induce relevant EPO
production. As suggested by Schmidt et al. EPO is not directly
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Variable  

Swimming season - month Test Comparison 
October (1) January (2) April (3) F Ptest 1 vs. 2 1 vs. 3 2 vs. 3 

BMI  
(kg/m2) 25.8 ± 3.4 26.0 ± 3.2 25.9 ± 4.0 7.55   0.250An    

Folate  
(ng/mL) 10.7 ± 1.9 9.5 ± 1.8 10.8 ± 1.3 9.50 < 0.001 An   0.002 – < 0.001 

Hb  
(mmol/L) 8.7 ± 0.5 8.9 ± 0.7 8.9 ± 0.5 4.03   0.255An    

WBC  
(×106/L) 6.4 ± 1.5 6.2 ± 1.0 6.2 ± 1.7 2.65   0.675 An    

RBC  
(×1012/L) 

4.7  
(4.3 – 5.7) 

4.7  
(4.0 – 5.7) 

4.7  
(4.1 – 5.3) 3.05   0.623 Fri    

Hct  
(L/L) 

0.4  
(0.3 – 0.5) 

0.4  
(0.4 – 0.5) 

0.5  
(0.4 – 0.5) 0.24   0.180 Fri    

MCV  
(fL) 

90.9 
(71.8 – 94.5) 

90.2 
(82.7 – 92.2) 

89.1 
(79.9 – 91.6) 18.83 < 0.001 Fri 0.037 < 0.001   – 

MCH  
(fmol) 

1.8 
(1.3 – 1.9) 

1.8 
(1.6 – 2.1) 

1.8 
(1.0 – 2.0) 5.15   0.295 Fri    

MCHC  
(mmol/L) 

19.8 
(17.8 – 20.5) 

19.7 
(18.1 – 20.5) 

19.8 
(18.3 – 20.5) 1.61   0.309 Fri    

PLT  
(×109/L) 238.8 ± 51.2 331.3 ± 64.8 294.8 ± 51.9 16.82 < 0.001An < 0.001   0.005   – 

Neutrophils  
(×109/L) 2.7 ± 1.2 3.6 ± 1.5 3.2 ± 0.8 0.49   0.033 An   0.026   –   – 

Lymphocytes  
(×109/L) 

1.6 
(1.0 – 3.3) 

1.5 
(0.8 – 3.0) 

1.9 
(1.4 – 3.5) 3.44   0.003 Fri   –   –   0.002 

Monocytes  
(×109/L) 0.4 ± 0.1 0.4 ± 0.1 0.4 ± 0.1 0.88   0.355 An    

Eosinophils  
(×109/L) 

0.1 
(0.0 – 0.3) 

0.1 
(0.0 – 0.4) 

0.1 
(0.1 – 0.5) 0.03   0.792 Fri    

Basophils  
(×109/L) 

0.0 
(0.0 – 0.2) 

0.0 
(0.0 – 0.1) 

0.0 
(0.0 – 0.1) 2.94   0.184 Fri    

Ig G  
(g/L) 12.2 ± 1.3 11.9 ± 1.3 12.1 ± 1.3 2.88   0.257An    

Ig A  
(g/L) 2.9 ± 0.7 2.5 ± 0.8 3.2 ± 0.7 8.30   0.003 An   –   –   0.002 

Ig M  
(g/L) 

1.3 
(0.8 – 2.1) 

0.9 
(0.7 – 1.8) 

1.5 
(0.8 – 2.0) 3.13   0.062 Fri    

EPO  
(IU/L) 6.1 ± 1.6 6.2 ± 1.1 6.3 ± 1.5 0.15   0.859 An    

 
                         

  A                    

                   

               

          

 

 

  

Normally distributed data are presented as means ± SD. Non-normal data are presented as medians. The threshold level of significance
is P £ 0.05. Abbreviations: 1, variable measured in October; 2, variable measured in January; 3, variable measured in April within one
swimming season; An, Anova test; BMI, body mass index; EPO, erythropoietin; Fri, Friedman test; Hb, haemoglobin; Hct,
haematocrit; MW, Mann-Whitney test; MCH, mean corpuscular haemoglobin; MCHC, mean corpuscular hemoglobin concentration;
MCV, mean corpuscular volume; PLT, platelets; RBC, red blood cells; WBC, white blood cells.

Table 5. Variables of control group (n = 23) within one swimming season.



influenced neither by maximal nor submaximal exercise, and
exercise-induced adrenergic stimulation is not a major stimulus
of EPO production in humans (47). Our results are consistent
with these findings, because we did not observe any significant
EPO changes in physically active controls. Moreover, the two
studied groups (CWS and control) were similar in their resting
EPO levels at the beginning of the study and exhibited
comparable level of physical activity during whole winter
season.

After 6 months of regular cold water bathing we found non-
pathological (within normal range) changes in blood
morphology, including elevated resting values of Hb, RBC,
MCHC and decreased PLT. Additionally, we noted significant
increments in MCV and MCH. The increase in RBC and RBC
indices may partly result from an intensified hematopoiesis
induced by cold-stimulated increase in EPO concentration. A
number of data demonstrate that cold water swimming changes
Hb concentration, Htc level, and elevates counts of RBC (6, 27,
48). The alterations are described as an adaptation to low
temperature and hemoconcentration resulting mainly from
enhanced diuresis, fluid shift and, consequently, decreased
plasma volume (2). On the other hand, there are studies reporting
that these changes could reflect intensified hematopoiesis and
modification of plasma volume due to enhanced sympathetic
nervous system activity (49, 50).

Increased EPO stimulates the survival of more erythroid
progenitor cells in the EPO-dependent stages and consequently
enhances erythrocyte production (51). Interestingly, we
observed that regular cold water swimming is associated with
significant folate drop, which, as we suspect, might possibly
contribute to this phenomenon. In experiments on rats, Kim et
al. discovered that 5 weeks of regular aerobic exercise lowered
resting plasma folate (52). As they suggested, folate drop was
due to the increased folate use with enhanced methylation and
regeneration processes. Folate affects pathways critical for the
adaptation to physical activity and is required for carrying one-
carbon units for DNA synthesis, cell proliferation and also for
methylation reactions converting homocysteine to methionine
(53). Considering our results, both studied groups represented
similar level of physical activity but significant decrease in
serum folate with concomitant enhancement in EPO, RBC and
RBC indices in the middle and at the end of the study was
present only in CWS group. It may indicate serum folate
fluctuations related to enhanced erythropoiesis in CWSs during
winter swimming season, when natural dietary supply is rather
small. Humans depend on dietary intake of folate and serum
folate is the earliest, highly responsive to natural supply
indicator of altered folate exposure. As reported by others, folate
dietary intake in Polish adult population is suboptimal or even
low, particularly during winter months (54). This may explain
decreased serum folate in both groups in the coldest winter
month - January. It, however, should not be the case of reduced
folate in CWS group at the end of swimming season. Controls,
as they reported, were on similar type of diet, their folate
concentrations returned to the initial values with Spring, and the
changes in folate in the control group although significant, were
small. Whether folate status was changed in CWSs regardless of
serum folate concentrations requires further determination of
folate content in the circulating RBC because RBC folate values
reflect general tissue supply (53).

The next finding of our study presents resting level of PLT at
three time points of 7-month swimming season. The control
group showed increased resting mean PLT in the mid-season (in
January) and this effect persisted after next four months in
women only, which may suggest more dynamic changes in
female organism. In contrast, CWS showed significant decrease
in PLT count in the middle and at the end of winter swimming

period suggesting adaptive changes to repeated short-lasting
cold exposure. Although it is well recognized that exercise
accelerates blood clothing and induces PLT release from spleen,
bone marrow and lungs (55), cold stress in combination with
exercise may evoke additional thermal responses of the body.
Over fifty years ago, Finkel et al. demonstrated that increased
coagulability and PLT count after exercise are lessened when
activity is performed in the cold (56). On the other hand,
Lombardi et al. have found increased PLT count following
single cold water swimming session, when blood drawings were
performed the day before and immediately after the performance
(49). Considering our results, one of the possible explanatory
mechanisms may indicate beginning of cold-induced PLT
clearance. Based on the two pathways contributing to basal PLT
clearance: one related with local clotting and another with
phagocytosis of excessively primed platelets by liver
macrophages, Hoffmeister et al. described thermosensor
properties of PLT (57). According to their findings, PLT become
primed for activation at lower temperatures at the peripheral
body sites. Repetitive priming predisposes PLT to be recognized
by hepatic macrophage complement type 3 (CR3) receptors
initiating phagocytosis (57). Hypothermia decreases circulating
PLT count and may even provoke thrombocytopenia (58).
Depending on tissue insulation, level of physical activity in a
cold water, gender and other factors, it takes 20 – 30 minutes for
hypothermia to occur. In the present study, CWSs spent less than
15 minutes (on average 5 – 8 min) in the cold sea water and were
not hypothermic. Nevertheless, their physical activity just before
and during bathing could intensify rapid cooling of skin and
muscle during cold exposure, predisposing to repeated PLT
priming. Interestingly, this effect was significant only in female
swimmers, which may be associated with gender-related
response to cold and more dynamic changes in women.
Similarly in our previous study, the favorable effect of regular
cold water swimming on selected cardiovascular risk factors
(blood homocysteine, lipid profile, and ApoB/ApoA-I ratio) was
more pronounced in women (59).

Although standard deviations (SDs) for PLT were high, they
were fairly similar for both groups (CWS and control)
suggesting similar distribution of scores. Clearly, further
research is needed to evaluate these assumptions.

Regarding white blood cells examination, we found that
CWSs demonstrated lower concentration of WBC and lower
levels of general immunoglobulin subpopulations (with
statistically significant difference only in IgM), when compared
with the controls. Moreover, regular active exposition to cold
was associated with statistically significant, within normal
range, decrease in all studied classes of immunoglobulins. These
observations may indicate lower recruitment of immune cells
when organism is not exposed to pathogen, which corresponds
to anti-inflammatory effect of cold described by others (60).
Moreover, while studying a large array of immune parameters
(including WBC and cytokines), Gagnon et al. demonstrated
reduced exercise-related immune response during exercise under
cold conditions compared to a thermoneutral environment (61),
while, as shown by Mazur et al., 3 months of regular moderate
exercise alone has modest regulatory influence on inflammatory
markers (62). It is possible that repeated bouts of mild exercise
combined with short-lasting cold exposure may induce immune
system adaptation. Epidemiological and anecdotal studies show
that regular cold water swimming protects from frequent
illnesses by boosting an immune system, and improves general
wellbeing (63), however, complex and diverse adaptive
mechanisms that may enhance the immune responses are still a
matter of investigation and require more well controlled studies.

The main strength of this study was the examination, for the
first time, of a long-lasting erythropoietic responses to regular
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bursts of a mild exercise combined with cold water. The
limitations of the current study include relatively small number
of study participants. However, recruitment of this specific study
group was limited by the number of active members of
Kolobrzeg Walruses Club. We admit that reticulocytes were not
measured, however, since we investigated longitudinal and final
effect of repetitive stressor on erythropoiesis, we were interested
in resting values of EPO, Hb and mature RBC over three and
seven months of swimming season. Therefore, this could be
considered as an arguable weakness of the study. Further
research might explore the dynamics of the current observation,
including the number and characteristics of reticulocytes, their
resting values at the three time points of the study, pre- and post-
swimming measurements, and more extensive statistical analysis
using two-way ANOVA (in order to detect the effects for time,
cold water swimming and the interaction between factors in
swimmers and controls). The authors also understand that, in this
particular model, the interplay between exercise, cold exposure
and adaptive responses in blood elements are complex.
Therefore, detailed mechanisms and values of other blood
parameters, including immune markers or platelets reactivity,
require further investigation. Nevertheless, the authors believe
that their findings make several contributions to existing
literature and extend the current knowledge of recreational
physical activity in extreme thermal conditions.

In summary, the most important finding of this study is that
regular and short-lasting cold water swimming induces adaptive
changes in the resting blood elements and EPO concentrations.
The effect is more evident in female organism. Possibly, these
within-normal-range changes prepare an individual to extreme
cold conditions via better oxygen delivery.

Conflict of interests: None declared.

REFERENCES

1.   Wozniak R, Ignatiuk J. Rola Kolobrzeskiego Klubu
Morsow w animacji nadmorskiej turystyki aktywnej [The
role of the Kolobrzeg Walruses Club in the animation of
active seaside tourism]. In: Wplyw morsowania na
organizm czlowieka [The influence of winter swimming on
the human body]. H Krauss, R Wozniak (eds). Kolobrzeg,
RSTU 2015, pp 169-182.

2.   Stocks JM, Taylor NA, Tipton MJ, Greenleaf JE. Human
physiological responses to cold exposure. Aviat Space
Environ Med 2004; 75: 444-457.

3.    Knechtle B, Christinger N, Kohler G, Knechtle P, Rosemann T.
Swimming in ice cold water. Ir J Med Sci 2009; 178: 507-511.

4.   Tipton M, Bradford C. Moving in extreme environments:
open water swimming in cold and warm water. Extrem
Physiol Med 2014; 3: 12. doi: 10.1186/2046-7648-3-12

5.   Knechtle B, Stjepanovic M, Knechtle C, Rosemann T, Sousa
CV, Nikolaidis PT. Physiological responses to swimming
repetitive „ice miles“. J Strength Cond Res 2018; Jun 6. doi:
10.1519/JSC.0000000000002690

6.   Teleglow A, Marchewka J, Tabarowski Z, et al. Comparison
of selected morphological, rheological and biochemical
parameters of winter swimmers’ blood at the end of one
winter swimming season and at the beginning of another.
Folia Biol (Krakow) 2015; 63: 221-228.

7.   Teleglow A, Dabrowski Z, Marchewka A, et al. The
influence of winter swimming on the rheological properties
of blood. Clin Hemoreol Microcirc 2014; 57: 119-127.

8.   Jansky L, Pospisilova D, Honzova S, et al. Immune system
of cold-exposed and cold adapted humans. Eur J Appl
Physiol Occup Physiol, 1996; 72: 445-450.

9.   Siems WG, Brenke R, Sommerburg O, Grune T. Improved
antioxidative protection in winter swimmers. QJM 1999; 92:
193-198.

10. Huttunen P, Kokko L, Ylijukuri V. Winter swimming
improves general well-being. Int J Circumpolar Health
2004; 63: 140-144.

11.  Sanchez-Urena B, Barrantes-Brais K, Urena-Bonilla P,
Calleja-Gonzalez J, Ostojic S. Effect of water immersion on
recovery from fatigue: a meta-analysis. Eur J Hum Mov
2015; 34: 1-14.

12.  Gibas-Dorna M, Checinska Z, Korek E, et al. Cold water
swimming beneficially modulates insulin sensitivity in
middle-aged individuals. J Aging Phys Act 2016; 76: 486-491.

13. Da Silva Santos R, Galdino G. Endogenous systems
involved in exercise-induced analgesia. J Physiol
Pharmacol 2018; 69: 3-13.

14. Stephens DP, Saad AR, Bennett LA, Kosiba WA, Johnson
JM. Neuropeptide Y antagonism reduces reflex cutaneous
vasoconstriction in humans. Am J Physiol Heart Circ
Physiol 2004; 287: H1404-H1409.

15. Flouris AD, Westwood DA, Mekjavic IB, Cheung SS. Effect
of body temperature on cold induced vasodilation. Eur J
Appl Physiol 2008; 104: 491-499.

16.  Oksa J, Ducharme MB, Rintamaki H. Combined effect of
repetitive work and cold on muscle function and fatigue. J Appl
Physiol 2002; 92: 354-361.

17. Eyolfson DA, Tikuisis P, Xu X, Weseen G, Giesbrecht GG.
Measurement and prediction of peak shivering intensity in
humans. J Appl Physiol 2001; 84: 100-106.

18.  Maeda T. Relationship between maximum oxygen uptake and
peripheral vasoconstriction in a cold environment. J Physiol
Anthropol 2017; 36: 42. doi: 10.1186/s40101-017-0158-2

19. Maekawa S, Iemura H, Kato T. Enhanced erythropoiesis in
mice exposed to low environmental temperature. J Exp Biol
2013; 216: 901-908.

20. Haase VH. Hypoxic regulation of erythropoiesis and iron
metabolism. Am J Physiol Renal Physiol 2010; 299: F1-F13.

21. Buemi M, Donato V, Lupica R, et al. From oxygen to
erythropoietin, as a protagonist of the skin-brain-kidney
axis. G Ital Nefrol 2010; 27: 609-615.

22. Paus R, Bodo E, Kromminga A, Jelkmann W. Erythropoietin
and the skin: a role for epidermal oxygen sensing? Bioessays
2009; 31: 344-348.

23. Maron BJ. The paradox of exercise. N Engl J Med 2000;
343: 1409-1411.

24. Haynes A, Linden MD, Robey E, et al. Acute impact of
different exercise modalities on arterial and platelet function.
Med Sci Sports Exerc 2018; 50: 785-791.

25. Weiss C, Seitel G, Bartsch P. Coagulation and fibrinolysis
after moderate and very heavy exercise in healthy male
subjects. Med Sci Sports Exerc 1998; 30: 246-251.

26. Kilim SR, Lakshmi. A study on affect of severity of
exercise on platelet function. J Evol Med Dent Sci 2015; 4:
10027-10032.

27. Vogelaere P, Brasseur M, Quirion A, Leclercq R,
Laurencelle L, Bekaert S. Hematological variations at rest
and during maximal and submaximal exercise in a cold
(0°C) environment. Int J Biometeorol 1990; 34: 1-14.

28. Krueger K, Mooren FC. T cell homing and exercise. Exerc
Immunol Rev 2007; 13: 37-54.

29. McCarthy DA, Macdonald I, Grant M, et al. Studies on the
immediate and delayed leucocytosis elicited by brief (30-
min) strenuous exercise. Eur J Appl Physiol Occup Physiol
1992; 64: 513-517.

30. Shephard RJ. Adhesion molecules, catecholamines and
leucocyte redistribution during and following exercise.
Sports Med 2003; 33: 261-284.

755



31. Walsh NP, Gleeson M, Shephard RJ, et al. Position
statement. Part one: Immune function and exercise. Exerc
Immunol Rev 2011; 17: 6-63.

32. Michishita R, Shono N, Inoue T, Tsuruta T, Node K. Effect
of exercise therapy on monocyte and neutrophil counts in
overweight women. Am J Med Sci 2010; 339: 152-156.

33. Petersen AM, Pedersen BK. The anti-inflammatory effect of
exercise. J Appl Physiol 2005; 98: 1154-1162.

34. Tipton MJ, Collier N, Massey H, Corbett J, Harper M. Cold
water immersion: kill or cure? Exp Physiol 2017; 102: 1335-
1355.

35. Gregson W, Black MA, Jones H, et al. Influence of cold
water immersion on limb and cutaneous blood flow at rest.
Am J Sport Med 2011; 39: 1316-1323.

36. Mawhinney C, Johnes H, Joo CH, Low DA, Green DJ,
Gregson W. Influence of cold-water immersion on limb and
cutaneous blood flow after exercise. Med Sci Sports Exerc
2013; 45: 2277-2285.

37. Kenneth NS, Rocha S. Regulation of gene expression by
hypoxia. Biochem J 2008; 411: 19-29.

38.  Bruton JD, Aydin J, Yamada T, et al. Increased fatigue
resistance linked to Ca2+-stimulated mitochondrial
biogenesis in muscle fibres of cold-acclimated mice. J Physiol
2010; 588: 4275-4288.

39. Tran M, Tam D, Bardia A, et al. PGC-1a promotes recovery
after acute kidney injury during systemic inflammation in
mice. J Clin Invest 2011; 121: 4003-4014.

40. Gleyzer N, Vercauteren K, Scarpulla RC. Control of
mitochondrial transcription specificity factors (TFB1M and
TFB2M) by nuclear respiratory factors (NRF-1 and NRF-2)
and PGC-1 family coactivators. Mol Cell Biol 2005; 25:
1354-1366.

41.  Park PH, Huang H, McMullen MR, Mandal P, Sun L, Nagy
LE. Suppression of lipopolysaccharide-stimulated tumor
necrosis factor-alpha production by adiponectin is mediated
by transcriptional and post-transcriptional mechanisms. J Biol
Chem 2008; 283: 26850-26858.

42. O’Hagan KA, Cocchiglia S, Zhdanov AV, et al. PGC-1alpha
is coupled to HIF-1alpha-dependent gene expression by
increasing mitochondrial oxygen consumption in skeletal
muscle cells. Proc Natl Acad Sci USA 2009; 106: 2188-2193.

43.  Semenza GL, Wang GL. A nuclear factor induced by hypoxia
via de novo protein synthesis binds to the human
erythropoietin gene enhancer at a site required for
transcriptional activation. Mol Cell Biol 1992; 12: 5447-5454.

44. Jaakkola P, Mole DR, Tian YM, et al. Targeting of HIF-alpha
to the von Hippel-Lindau ubiquitylation complex by O2-
regulated prolyl hydroxylation. Science 2001; 292: 468-472.

45. Jelkmann W. Regulation of erythropoietin production. 
J Physiol 2011; 589: 1251-1258.

46. Graham TE. Thermal, metabolic, and cardiovascular
changes in men and women during cold stress. Med Sci
Sports Exerc 1988; 20: S185-S192.

47. Schmidt W, Eckardt K, Hilgendorf A, Strauch S, Bauer C.
Effects of maximal and submaximal exercise under
normoxic and hypoxic conditions on serum erythropoietin
level. Int J Sports Med 1991; 12, 457-461.

48. Holmer I. Physiology of swimming man. Acta Physiol Scand
Suppl 1974; 407: 1-55.

49.  Lombardi G, Ricci C, Banfi G. Effect of winter swimming on
haematological parameters. Biochem Med 2011; 21: 71-78.

50. Lubkowska HC, Dolegowska B, Szygula Z, et al. Winter-
swimming as a builging-up body resistsnce factor inducing
adaptive changes in the oxidant/antioxidant status. Scand J
Clin Lab Invest 2013; 73: 315-325.

51. Koury MJ, Ponka P. New insights into erythropoiesis: the
roles of folate, vitamin B12, and iron. Annu Rev Nutr 2004;
24: 105-131.

52. Kim YN, Hwang JH, Cho YO. The effects of exercise
training and acute exercise duration on plasma folate and
vitamin B12. Nutri Res Pract 2016; 10: 161-166.

53. Stanger O. Physiology of folic acid in health and disease.
Curr Drug Metab 2002; 3: 211-223.

54. Waskiewicz A, Szczesniewska D, Szostak-Wegierek D, et
al. Are dietary habits of the Polish population consistent
with the recommendations for prevention of cardiovascular
disease? - WOBASZ II project. Kardiol Pol 2016; 74: 
969-977.

55. El-Sayed MS. Effects of exercise on blood coagulation,
fibrinolysis and platelet aggregation. Sports Med 1996; 22:
282-298.

56.  Finkel A, Cumming GR. Effects of exercise in the cold on
blood clotting and platelets. J Appl Physiol 1965; 20: 423-424.

57. Hoffmeister KM, Felbinger TW, Falet H, et al. The clearance
mechanism of chilled blood platelets. Cell 2003; 112: 87-97.

58. Van Poucke S, Stevens K, Marcus AE, Lance M.
Hypothermia: effects on platelet function and hemostasis.
Thromb J 2014; 12: 31. doi: 10.1186/s12959-014-0031-z

59.  Checinska-Maciejewska Z, Miller-Kasprzak E, Checinska A,
et al. Gender-related effect of cold water swimming on the
seasonal changes in lipid profile, ApoB/ApoA-I ratio, and
homocysteine concentration in cold water swimmers. J Physiol
Pharmacol 2017; 68: 887-896.

60. Missau E, de Oliveira Teixeira A, Franco OS, et al. Cold
water immersion and inflammatory response after resistance
exercises. Rev Bras Med Esporte 2018; 24: 372-376.

61. Gagnon DD, Gagnon SS, Rintamaki H, et al. The effects of
cold exposure on leukocytes, hormones and cytokines
during acute exercise in humans. PLoS One 2014; 22: 9:
e110774. doi: 10.1371/journal.pone.0110774

62. Mazur M, Glodzik J, Szczepaniak P, et al. Effects of
controlled physical activity on immune cell phenotype in
peripheral blood in prehypertension - studies in preclinical
model and randomised crossover study. J Physiol Pharmacol
2018 Dec; 69: 875-887.

63. Niedoszytko P, Zielinska D, Skoczkowska M, et al.
Cardiovascular risk factors, exercise capacity and
personality traits in the group of „Gdanskie Morsy”–
(”winter swimmers”) - early results. Cardioprofil 2009; 1:
47-48.

R e c e i v e d : September 8, 2019
Ac c e p t e d : October 30, 2019

Author’s address: Dr. Zuzanna Checinska-Maciejewska,
Department of Physiology, Poznan University of Medical
Sciences, 6 Swiecickiego St., 60-781 Poznan, Poland.
E-mail: zuchecinska@gmail.com

756


