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The Effect of Cold Water Immersion on Physiological Indices,
Inflammatory and Immune Responses during a Soccer Match

Suntae Park', Sunghoon Hur', Kyungjun An', Youngwoo Kwon?, Kyunghoon Park’, Junho Kim®, Jongsam Lee'

'Department of Physical Education, Daegu University, Gyeongsan, zDepartment of Physical Education, Yeungnam University,
Gyeongsan, *Korea Football Association, Seoul, 4Madisesang Hospital, Seoul, Korea

Purpose: We investigated the effects of cold water immersion (CWI) treatment during half-time break on performance
related physiological indices during second half soccer match.

Methods: Twenty-two collegiate soccer players participated in the study. Subjects undertook 3 minutes head out
seated with whole body immersion at 19°C to 21°C. Total four venous blood samples were collected and analyzed
for markers of ionic regulations and inflammatory (interleukin [IL]-1b, IL-6, IL-8, IL-10, tumor necrosis factor-« , and
vascular endothelial growth factor) and immune functions (immunoglobulin [Ig] G, 19G2, 19G2, IgG3, 1gG4, IgA, and
IgM).

Results: Partial oxygen concentration and %SO, level was lowered in CWI. Hemoglobin and hematocrit values were
not significantly different between experimental groups. While there was no notable effect was shown in Na™ and
Ca?", K* concentration was higher in CWI during second half match. There were no effects in any of inflammatory
and/or anti-inflammatory cytokines and Ig.

Conclusion: These results suggest that CWI during half time break exert positively affects in buffering capacity and
promote oxygen delivery to the actively recruited skeletal muscle, possibly results in improve soccer performance
during second half match.
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Table 1. Comparison of physical characteristic between
control and cold water immersion (CWI) group

Characteristic Control group CWI group
Age (yr) 20.4+1 1 20.5+1.2
Height (cm) 179.9+4.5 179.845.7
Body mass (kg) 71.8+2.4 70.2+5.7
VOomax (mL/ka/min) 62.214.6 58.9+6.8
Athlete career (yr) 9.3%1.1 9.7+1.2
RRmax 49.1+£5.6 48.4+7.5
VEmax (BTPS) 121.3£10.1 117.0£21.9
RERmax 1.0940.03 1.0940.09
MET max 17.7£1.3 16.84+1.9

Values are presented as meanzstandard deviation.

RR: respiratory rate per minute, VE: ventilatory capacity,
BTPS: body temperature, pressure, and saturated, RER:
respiratory exchange rate (VCO2/VO2), MET: metabolic
equivalent.
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Fig. 1. Experimental design. 0—min: before soccer match
was kicked off, P45—min: immediately after the end of the
first half during soccer match, half time: 15-minute break
time between the first half and the second half during soc—
cer match, P90-min: immediately after the end of the sec—
ond half during soccer match. %: Blood sampling.
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Fig. 2. Changes in (A) body mass, (B) body temperature, (C) mean heart rate (the first and second half of Con vs. CWI),
(D) maximum heart rate, (E) total heart rate, (F) total distance covered, (G) cumulative distance, and (H) sectional distance
following CWI and Con. (A, B) Significant difference to 0-min (main effect of time, **p<0.01, ***p<0.001), to P45-min
(""7p<0.001), and to P90-min (TTTp<0.001). Significantly different from Con (main effect of group, $p<0.05, ¥p<0.01,
%55 <0.001). (C, D) Significant difference to the first-half 15-min (*p<0.05). (H) Significant difference to 0-15 min (*p<0.05),
~60 min (Tp<O.O1). Values are presented as mean (standard deviation). Con: control group, CWI: cold water immersion
group, 0-min: before soccer match was kicked off, P45-min: immediately after the end of the first half during soccer
match, half time: 15-minute break time between the first half and the second half during soccer match, P90-min: immedi-

ately after the end of the second half during soccer match.
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Fig. 3. Changes in (A) pH, (B) HCOs, (C) PO2, (D) PCO., (E) oxygen saturation, (F) hematocrit (Hct), (G) hemoglobin
(Hb), (H) glucose, (1) lactate, (J) sodium, (K) potassium, (L) calcium concentration following CWI and Con. Significant
difference to O-min (main effect of time, *p<0.05, **p<0.01, **+p<0.001), P45-min ('p<0.05, T Tp<0.01, TTTp<0.001),
P90-min (Tp<0.05, TTp<0.01, T7Tp<0.001). Significant difference from Con (main effect of group, *p<0.05, $¥p<0.01,
$$5<0.001). Significant difference to P45-min and P90-min (%*¥p<0.001). Values were expressed by means (standard
deviation). Con: control group, CWI: cold water immersion group, O—min: before soccer match was kicked off; P45-min:
immediately after the end of the first half during soccer match; half time, 15-minute break time between the first half
and the second half during soccer match: P90-min, immediately after the end of the second half during soccer match.
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Table 2. Comparison between control and cold water immersion conditions for inflammatory response during soccer match

Time p-value
Variable 0-min P45-min Half time P90-min l\/la(un effect Group Time Grpup
group) xtime
IL-1b  Con 1.00 2.0940.00  0.98+0.00 2.3440.00 1.60+£0.00 1.000 <0.001 1.000
cwl 1.00 2.09+1.02%+ 0.98+0.87" "7  2.34+1.35+ 1.60+1.01
Main effect 1.00 2.09+0.70%x+ 0.98+0.60TTTTTT 2 34+1 35%x+
(time)
IL-6°  Con 1.00 0.52+0.00  0.72+0.00 0.4440.00 0.6740.00
cwi 1.00 0.52+0.00  0.72+0.00 0.44+0.00 0.67+0.00
Main effect 1.00 0.5240.00  0.72+0.00 0.44+0.00
(time)
IL-8 Con 1.00 1.0140.40 1.35+1.24 0.8440.40 1.0540.82 0.555  0.401 0.609
cwl 1.00 1.15+0.51 0.72+0.54 0.96+0.41 0.96+0.49
Main effect 1.00 1.08+0.45 1.03+0.99 0.90+0.40
(time)
IL-10  Con 1.00 1.03+0.21 1.9540.62%%, T 1.63+0.33+++ 77T 1.40+0.40 0.333 <0.001 0.645
cwl 1.00 1.23+0.33 1.80+0.31%xx, T TT 1.89+0.83++ 7T 1.48+0.53
Main effect 1.00 1.13+0.29%  1.88+0.48%xx 1T 1 76+0.63%x+ 71T
(time)
TNF-a Con 1.00 1.2040.90  0.93+0.04%**, 77T 0.64+0.19%xx 0.94+0.51 0.377 <0.001 0.737
cwl 1.00 0.90+0.35  0.95+0.26 0.58+0.30%+, 77T 0.86+0.29
Main effect 1.00 1.05+0.68 0.94+0.187 71 0.61+0.25%++ T
(time)
VEGF  Con 1.00 0.96+0.40  0.96+0.32 1.1240.15% 1.014£0.32 0.357  0.151 0.841
cwl 1.00 1.1940.19%+  0.9840.20" ' 1.16+0.40 1.08+0.29
Main effect 1.00 1.07£0.33  0.97+0.26" 1.14+0.30%
(time)

Values are presented as meanzstandard deviation unless otherwise specified.

0-min: before soccer match was kicked off, P45-min: immediately after the end of the first half during soccer match,
half time: 15-minute break time between the first half and the second half during soccer match, P90-min: immediately
after the end of the second half during soccer match, Con: control group, CWI: cold water immersion group, IL: interleukin,
TNF: tumor necrosis factor, VEGF: vascular endothelial growth factor.

Significant difference to 0-min (*p<0.05, **p<0.01, ***p<0.001), to P45-min (Tp<0.05, TTp<0.01, TTTp<0.001), and
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Table 3. Comparison between control and cold water immersion conditions for immune response during soccer match

Time p-value
. . Grou
Variable 0-min  P45-min Half time P90-min Ma(““ effect  Group  Time xtimg
group) (o-value)
p-value
IgG1 Con 1.00  1.0840.29  0.7540.50  0.70£0.44  0.88+0.39 0.275 0.515 0.146
cwi 1.00  0.9240.64  1.3941.60 1.90+2.67  1.30+1.65
Main effect (time)  1.00  1.00+0.49  1.0741.20  1.30+1.97
IgG2 Con 1.00  1.46+0.94 0.6840.65 1.04+0.97  1.04+0.73 0.162 0.166 0.100
cwi 1.00 1174111  1.63+155 3.26+4.38  1.76+2.76
Main effect (time) 1.00  1.31£1.01  1.1541.26  2.15+3.29
I9G3 Con 1.00  1.34+0.74  0.96+1.35 2.66+5.58  1.49+2.46 0.870 0.216 0.827
cwi 1.00  1.1041.01 1534145  1.93+1.97  1.39+1.41
Main effect (time) 1.00  1.2240.87  1.2541.39  2.30+4.09
IgG4 Con 1.00 1.18+0.38  0.7340.63  0.69+0.54  0.90+0.50 0.182 0.378 0.056
cwi 1.00  0.91+0.65 1.4241.37  2.1042.16  1.33+1.29
Main effect (time)  1.00  1.04+0.54  1.07+1.10  1.35+1.68
IgA Con 1.00  1.134+0.39  0.7640.583  0.87£0.80  0.94+0.49 0.239 0.433 0.077
cwi 1.00  0.95+0.65 1.2040.92  1.56+1.04  1.18+0.86
Main effect (time) 1.00  1.04+0.53  0.9840.77  1.21+0.97
IgM Con 1.00  1.2040.51  0.7140.74  1.0341.39  0.99+1.91 0255 0.306 0.191
cwi 1.00  1.11+£1.14 1594160 1.9042.06  1.40+1.68
1

Main effect (time)

.00 1.16+0.86 1.15+1.30 1.47£1.77

Values are presented as meanzstandard deviation unless otherwise specified.

0-min: before soccer match was kicked off, P45-min: immediately after the end of the first half during soccer match,
half time: 15-minute break time between the first half and the second half during soccer match, P90-min: immediately

after the end of the second half during soccer match, Con: control group, CWI:

immunoglobulin.
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