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Abstract 1 

We investigated whether cold water immersion following intensive training sessions can enhance 2 

recovery in elite Olympic weightlifters, taking into account each athlete’s individual response 3 

pattern. The entire German male Olympic weightlifting national team participated in the study 4 

(n=7), ensuring collection of data from elite athletes only. Using a randomized cross-over design, 5 

the athletes went through two high intensity training microcycles consisting of five training 6 

sessions that were either followed by a cold water immersion or passive recovery. Barbell speed 7 

in a snatch pull movement, blood parameters as well as subjective ratings of general fatigue and 8 

recovery were assessed throughout the study. Physical performance at two snatch pull intensities 9 

(85% 1RM: -0.15% vs. -0.22%, P=0.94; 90% 1RM: -0.7% vs. +1.23%, P=0.25) did not differ 10 

significantly (condition x time). While questionnaires revealed a significant decline in ratings of 11 

overall recovery (P<0.001) and a significantly higher rating of overall stress (P=0.03) over time, 12 

no significant differences between conditions (P=0.14; P=0.98) could be revealed. Similarly, 13 

neither of the analyzed blood parameters changed significantly between conditions over time 14 

(CK: P=0.53; Urea: P=0.43; Cortisol: P=0.59; Testosterone: P=0.53; Testosterone:Cortisol ratio: 15 

P=0.69). In general, CWI did not prove to be an effective tool to enhance recovery in elite 16 

Olympic weightlifters over a three day intensive training period. However, even though the 17 

group was rather homogeneous with regard to performance, there were considerable inter-subject 18 

differences in their response to CWI. It appears that athletes are best advised on a case-by-case 19 

basis. 20 
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INTRODUCTION 24 

It is paramount to achieve an adequate balance between training and competition induced 25 

stresses and recovery in order to maximize performance levels in elite athletes (1). Specifically 26 

athletes that are training and/or competing multiple times per day often experience excessive 27 

amounts of stress that might result in temporary impairments in performance due to a variety of 28 

factors. Consequently, there is an increased interest among researchers and practitioners to 29 

identify adequate modalities to support fast recovery between intensive exposure periods (25). 30 

The use of cold water immersion (CWI) is one of the more popular methods in elite 31 

sports_ENREF_3. It is rather low-cost, easily applicable under various circumstances and widely 32 

perceived to be performance enhancing. While the underlying physiological and biochemical 33 

mechanisms for its proposed effectiveness remain at least partly unclear (2) and are still under 34 

investigation (15), a number of studies have shown potentially beneficial impacts on recovery. 35 

Vaile, Halson, Gill and Dawson (32) showed that CWI was significantly better at restoring squat 36 

jump performance in the three days following a strength training session compared to a passive 37 

recovery control condition. Additionally, a recent meta-analysis demonstrated that CWI can be 38 

an effective strategy to reduce delayed onset muscle soreness (DOMS) (21). Halson (10) showed 39 

that athletes involved in weight-bearing sports might benefit more from cooling than athletes 40 

involved in non-weight-bearing sports, while Leeder, Gissane, van Someren, Gregson and 41 
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Howatson (20) found positive effects for muscle power, but not for muscle strength. 42 

Furthermore, it was suggested by Poppendieck, Faude, Wegmann and Meyer (25) that cooling 43 

might have an effect on neuromuscular coordination. These findings seem to suggest that athletes 44 

involved in sports that require these particular physical qualities might potentially benefit the 45 

most from the use of CWI as a recovery intervention.  46 

However, results of other studies question the proposed effectiveness of CWI as a recovery tool 47 

(3, 6, 31). This makes it increasingly difficult for practitioners to decide whether CWI is a 48 

worthwhile implementation into the training or competition routine of their respective athletes. 49 

Part of that inconclusiveness might stem from the fact that the vast majority of research on the 50 

topic focuses on the group mean efficacy of CWI as the intervention, even though research on 51 

elite athletes is naturally limited to small sample sizes and therefore often inadequate to result in 52 

conclusions that can be generalized for other populations. Indeed, individuals show a wide range 53 

of different responses to the same intervention (11, 18, 22). Hence, it appears that specifically in 54 

the area of high performance sport individual responses to a given stimulus need to be accounted 55 

for in order to be able to provide specific recommendations tailored to each athlete’s individual 56 

response patterns.  57 

Overall, current literature available on the topic seems to suggest that specifically athletes 58 

involved in weight-bearing exercises that require high levels of muscular power and 59 

intramuscular coordination could benefit from incorporating CWI as a recovery tool. Also, 60 

special consideration needs to be attributed towards inter-individual variability in the observed 61 

response to a given stimulus in order to derive individualized athlete recommendations. 62 

Consequently, the aim of this study was to investigate whether CWI following intensive training 63 

Copyright ª 2016 National Strength and Conditioning Association

ACCEPTED



Cold water immersion for elite power athletes  4 
 

sessions can be a useful recovery tool for elite Olympic weightlifters using an individualized 64 

approach.  65 

METHODS 66 

Experimental Approach to the Problem 67 

The study employed a randomized cross-over design consisting of two four-day phases separated 68 

by a ten-day wash-out period (Figure 1). Both phases were completed in familiar facilities using 69 

standard equipment and followed a high-intensity, Olympic weightlifting specific training 70 

protocol as outlined by the German national coach. The athletes mainly performed the 71 

competition lifts as well as a number of accessory movements (e.g. back squat, front squat, high 72 

pull, push jerk, etc.). In total, the athletes completed about 18-25 working sets per session, 73 

generally working in the 3-5 repetition range without going to concentric muscle failure. While 74 

exercise selection varied to a certain extent between phases, volume and intensity remained 75 

constant. 76 

< insert Figure 1 about here > 77 

Subjects 78 

Seven male members (25 ± 4 y; mean ± SD) of the German national team in Olympic 79 

weightlifting volunteered and provided written consent to participate in the study. All athletes 80 

were healthy and free of injury throughout data collection and trained to compete in different 81 

bodyweight categories (69 kg (n=1), 77 kg (n=2), 85 kg (n=1), 94 kg (n=1), 105 kg (n=2)) 82 

according to the classification of the International Weightlifting Federation (IWF). The study 83 
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was approved by the local Ethics Committee (Ärztekammer des Saarlandes, Saarbrücken, 84 

Germany) and conformed to the Declaration of Helsinki.  85 

Procedures 86 

In both phases, athletes underwent a total of five training sessions. Two training sessions were 87 

performed on day 1, one session on day 2, and two sessions on day 3. When two training 88 

sessions were scheduled for the same day one session took place in the morning (9.30 – 11 a.m.) 89 

and one in the afternoon (3.30 – 5 p.m.). The lone training session on day 2 took place in the 90 

afternoon (3.30 – 5 p.m.). Each session was immediately followed by either a cold water 91 

immersion protocol (CWI) or a control condition (CON). CWI consisted of a single bout of 10 92 

consecutive minutes, during which the athletes were seated and immersed up to their neck in 93 

water at between 12°-15°C (25), while CON consisted of 10 min of passive recovery in the same 94 

body position. Subsequently, training session intensity was assessed via a rating of perceived 95 

exertion (RPE). This method has been considered a good indicator of general internal load (16). 96 

Scores were collected using a modified 10 point BORG scale (23).   97 

A sport-specific performance test was carried out at the same time of day on the first and last day 98 

of both phases. The test consisted of a snatch pull movement at 85% and 90% of each athlete’s 99 

individual snatch target weight for the World Championships that would take place 3 months 100 

after completion of the study. Maximal barbell velocity (vmax) during the pull was recorded using 101 

a camcorder (Panasonic GS 500, Panasonic Corporation, Kadoma, Japan) and a specific software 102 

package (Realanalyzer, IAT Leipzig, Germany). The test was chosen since the athletes were very 103 

familiar with its execution due to a frequent incorporation into their training routine and since 104 

vmax has previously been shown to be a relevant performance indicator (4).  105 
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Venous blood samples were collected from the fasted athletes into 7.5 ml serum vacutainers 106 

(Sarstedt AG & Co, Nürnbrecht, Germany) on the mornings of the first, second, and fourth day 107 

of both phases. The vacutainers were left to clot at room temperature before being spun in a 108 

centrifuge (Hettich EBA 20, Hettich Lab Technology, Tuttlingen, Germany) at 6000 rpm for 10 109 

min. Subsequently, the serum was aliquoted and stored at -18°C. 110 

The samples were analyzed in a certified diagnostic laboratory with regards to concentrations of 111 

creatinkinase (CK), urea (UniCel® DxC 600, Beckman Coulter GmbH, Krefeld, Germany), 112 

cortisol (Access® 2, Beckman Coulter GmbH, Krefeld, Germany), and free testosterone (ELISA, 113 

LDN Labor Diagnostika Nord, Nordhorn, Germany).  114 

Throughout data collection subjective ratings were assessed using the recently developed Acute 115 

Recovery and Stress Scale (ARSS)(12). The ARSS consists of 32 adjectives describing physical, 116 

emotional, mental, and overall aspects of recovery and stress, which are assessed with a seven-117 

point Likert-type scale ranging from 0 (does not apply at all) to 6 (fully applies). Finally, all the 118 

adjectives are subdivided into the following dimensions: physical performance capability, mental 119 

performance capability, emotional balance, overall recovery, muscular stress, lack of activation, 120 

negative emotional state, and overall stress. The ARSS has been checked for psychometric 121 

reliability and validity (12, 19). The athletes were asked to fill in the questionnaire every 122 

morning at the same time (paper-based). 123 

Statistical Analyses 124 

Statistical analyses were conducted using STATISTICA 8.0 (StatSoft Inc., Tulsa, AZ, USA) and 125 

Microsoft ExcelTM. Results are reported as means ± standard deviation (SD) unless otherwise 126 

stated. Distribution of all data was checked using a Kolmogorov-Smirnov normality test. For 127 

normally distributed data a two-way repeated measures ANOVA was used to assess changes in 128 
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the interaction between condition (CON vs CWI) and time. The same statistical test was used for 129 

the analysis of the ARSS. The authors are aware that parametric tests are generally not adequate 130 

for ordinal data. After a thorough review of current literature on the topic, we decided to follow 131 

recommendations given by Sullivan and Artino (30) to employ parametric procedures. An α-132 

level of P<0.05 was accepted as statistically significant. 133 

Furthermore, inter-condition differences ± 90% confidence limits (CL) as well as inter-condition 134 

differences expressed as Cohen’s d effect sizes (ES) ± 90% CL are reported to compare the 135 

magnitude of the difference (thresholds: 0.2 – trivial; 0.6 – small; 1.2 – moderate; 2.0 – large; 4.0 136 

– extremely large). Magnitude based inferences were conducted in order to determine the 137 

smallest worthwhile difference between conditions (14) using a published spreadsheet (13). This 138 

approach represents a contemporary method of data analysis that uses confidence limits in order 139 

to calculate the probability that a difference is practically meaningful. For all parameters a 140 

between-subject SD of 0.2 (small effect) was considered to be meaningful. This allows for a 141 

quantitative assessment of the chance for the true value to be positive, trivial, and negative as 142 

well as for an assignment of qualitative probabilistic terms using the following scale: <0.5% - 143 

most unlikely, almost certainly not; 0.5–5% - very unlikely; 5–25% - unlikely, probably not; 25-144 

75% - possibly; 75-95% - likely, probably; 95-99.5% - very likely; >99.5% - most likely, almost 145 

certainly (14). In case chances for both negative and positive effects were calculated to be >5%, 146 

results were deemed unclear (14).          147 

RESULTS 148 

Five intensive training sessions on three consecutive days induced a strong subjective sense of 149 

fatigue in the athletes in both conditions. Questionnaires revealed a significant decline in ratings 150 
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of overall recovery (P<0.001) and a significantly higher rating of overall stress (P=0.033) over 151 

time. Similarly, the analysis of blood borne markers revealed a significant increase of CK 152 

(P<0.001) and significantly lower values of cortisol (P=0.002) over the duration of the training 153 

phases. 154 

On a group level, there were no significant interaction (condition x time) effects across all 155 

parameters (Tables 1 & 2), including RPE (P=0.447). Magnitude based inferences showed CWI 156 

to possibly have a trivial negative effect on physical performance in one of the sport-specific 157 

performance tests (Table 2) while also showing it is likely to initially result in a small increase in 158 

cortisol levels (Table 2). Questionnaires revealed that CWI did not significantly change the 159 

athletes’ perception of recovery and fatigue in any of the eight dimensions. Conducting 160 

magnitude based inferences revealed that the athletes’ subjective feeling of overall recovery was 161 

very likely positively influenced by the cold water intervention while CWI also very likely 162 

affected the athletes’ emotional state in a negative way, especially towards the end of the training 163 

microcycle (Table 2). 164 

< insert Table 1 and Table 2 about here > 165 

On an individual level, athletes showed differing responses to the intervention (Figures 2 & 3). 166 

One athlete (#5) improved performance in both tests throughout the intervention condition (85%: 167 

+1.1%; 90%: +2.9%), but saw a decline in performance for both tests during the control 168 

condition (85%: -6.7%; 90%: -1.7%). For this particular case questionnaires also revealed an 169 

improved feeling of overall recovery and less overall stress for CWI in comparison to CON. On 170 

the other end of the spectrum, two athletes (#3 & #4) performed consistently worse during CWI 171 

(#3: 85%: -2.5%; 90%: -0.5% / #4: 85%: -2.9%; 90%: -4.5%) and better or the same during CON 172 
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(#3: 85%: +2.6%; 90%: +2.7% / #4: 85%: +1.5%; 90%: ±0%) while questionnaires showed no or 173 

only slight differences in subjective feeling of recovery. 174 

< insert Figure 2 and Figure 3 about here > 175 

DISCUSSION 176 

To the authors’ knowledge, this study is the first to investigate the effectiveness of CWI as a 177 

recovery tool for elite Olympic weightlifters. In fact, the training history and experience of the 178 

participants is a unique aspect for any study investigating the effects of a recovery intervention 179 

on the physical qualities in this particular cohort. Previous reviews and meta-analyses have found 180 

CWI to be effective in terms of  performance restoration for athletes involved in weight-bearing 181 

sports (10) that require high levels of muscular power (20) and neuromuscular coordination (25). 182 

Since Olympic weightlifting is largely based on these physical qualities (28, 29) it is within 183 

reason to speculate CWI to be a suitable recovery tool for this particular sport. However, results 184 

of the present study question the aforementioned assumptions. The application of CWI after five 185 

high-intensity training sessions over three consecutive days did not prove to be a successful tool 186 

to enhance overall performance capabilities in seven elite German Olympic weightlifters. 187 

The results of the current study are in line with previous research investigating the effectiveness 188 

of CWI on strength measures following resistance type exercise in non-elite populations. 189 

Pointon, Duffield, Cannon and Marino (24) found that a single application of CWI does not 190 

significantly enhance restoration in muscle function and contractile damage following high-191 

intensity eccentric exercise. Similarly, Jakeman, Macrae and Eston (17) showed that a single 192 

bout of CWI after plyometric activity did not provide beneficial effects to alleviate the symptoms 193 

of EIMD nor did it enhance counter movement jump performance or maximal voluntary 194 
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contraction of the quadriceps. These results are confirmed by further studies using similar 195 

approaches (7, 9, 27, 31). 196 

Positive effects of CWI on the restoration of performance parameters have been found in a study 197 

carried out by Vaile, Halson, Gill and Dawson (32), which investigated the effects of CWI on a 198 

dynamic power measure (squat jump) in 12 non-elite, resistance trained males after a DOMS-199 

inducing strength training session. It was shown that CWI was significantly better at restoring 200 

squat jump performance in the three days following the training session compared to a passive 201 

recovery control condition. While the measure of dynamic power employed in the current study 202 

is not limited to lower limb power exclusively, the squat jump as a performance measure is 203 

rather similar to the snatch pull in terms of the underlying movement pattern. It is therefore 204 

worth noting that CWI was shown to be a potentially good recovery method for power-205 

dependent movements. 206 

The intensive nature of five training sessions provided an acutely fatiguing stimulus to the 207 

athletes. Whilst performance capabilities remained rather consistent after three days of training, 208 

increased markers of muscle damage as well as decreased subjective ratings of recovery 209 

indicated that athletes were objectively and subjectively fatigued. Results showed that the 210 

athletes’ perception of overall recovery was very likely enhanced in the CWI condition. This 211 

finding is not particularly surprising, given that prior research has found CWI to be an effective 212 

strategy to reduce DOMS and thereby enhance the perception of recovery (5, 20). These 213 

subjective responses are rather common for interventions that cannot easily be blinded. Indeed, it 214 

has been shown that the placebo effect might potentially account for most of these effects (3). It 215 

is therefore important to point out that an athlete’s belief in a certain recovery protocol might 216 

play an integral part in the subsequent subjective response to the treatment. Coaches and sport 217 
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scientists should acknowledge this fact and specifically devote time to stress the importance of 218 

recovery to the long-term development of performance, thereby potentially increasing the 219 

athletes’ responsiveness to a certain treatment.    220 

Subjective ratings also revealed that CWI very likely affected the athletes’ emotional state in a 221 

negative way. This is particularly important in situations where CWI is used rather regularly. A 222 

negative mindset going into a training session due to an imminent immersion into cold water 223 

may lower the quality of subsequent training performance. The coaching staff should try to 224 

remain aware of the emotional state of the athletes and assess individually whether CWI is 225 

suitable as a recovery method or is rather perceived as an additional stressor. 226 

Apart from a negative subjective responsiveness, further evidence has emerged that objectively 227 

questions the efficacy of CWI as a chronic recovery tool for resistance-type exercise. Fröhlich, 228 

Faude, Klein, Pieter, Emrich and Meyer (8) analyzed the effects of a regular application of CWI 229 

on adaptations to strength training over a five-week training cycle in 17 male sport students. 230 

They found that measures of muscular strength were reduced by 1-2% for the cooling condition 231 

compared to an uncooled control condition. These results were confirmed by Roberts, Raastad, 232 

Markworth, Figueiredo, Egner, Shield, Cameron-Smith, Coombes and Peake (26), who showed 233 

that a long-term application of CWI can attenuate functional, morphological and molecular 234 

adaptations to strength training. These changes may translate to a reduction of long-term training 235 

gains in muscle strength and hypertrophy. Overall, it appears that the use of CWI should be 236 

planned strategically in order to enhance recovery without jeopardizing muscular adaptations. 237 

Based on the current data, CWI after 5 consecutive training sessions did not negatively affect 238 

performance capabilities in the athletes. 239 
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When assessing individual response patterns, it was shown that one athlete (#5) seemed to 240 

acutely benefit from the application of CWI. Measures of performance as well as of subjective 241 

rating of well-being improved during CWI compared to CON. For this particular athlete it might 242 

be important to further stress the positive connotation of CWI in order to reinforce his belief in 243 

the effectiveness of the intervention. This might be specifically helpful in phases immediately 244 

prior to competition when the reduction of fatigue is prioritized over further adaptive processes. 245 

On the other hand, two athletes (#3 & #4) reacted acutely negative to the intervention. A drop-off 246 

in performance along with an increased feeling of negativity clearly demonstrate that this 247 

particular recovery protocol was unable to alleviate training-induced symptoms of fatigue. Based 248 

on the current findings, these two athletes should be advised against the use of CWI and could 249 

potentially be more receptive to other recovery interventions. The validity of these particular 250 

recommendations could be further supported if subsequent investigations found these effects to 251 

be individually reproducible. This would allow for a more informed decision-making process 252 

regarding future application of CWI on an individual level.   253 

Overall, a prevailing lack of scientific studies investigating recovery interventions in elite 254 

athletes involved in strength and power-type disciplines makes it hard to further discuss the 255 

results of the present study, which only recruited elite level Olympic weightlifters. The systemic 256 

recovery from (near) maximal muscular effort is a topic that has attracted less academic interest 257 

compared to other areas, i.e. endurance-type activity. Future research should be directed towards 258 

this cohort, even though access to elite athletes in this area can potentially be difficult. 259 

The authors acknowledge limitations to the current study. The two training phases were not 260 

completely identical with regard to exercise selection. The athletes were preparing for the World 261 

Championships that would take place 3 months upon completion of the study. In order to assure 262 
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external validity as well as not to interfere with the athletes’ preparations, the design of the 263 

training sessions remained in the hands of the national coach. Changes in exercise selection 264 

reflect the natural progression towards the World Championships as outlined by the coaching 265 

staff. However, general training load remained the same. Minor variations in exercise selection 266 

should therefore not have systematically affected the current results. Moreover, as is often the 267 

case with elite athletes involved in individual sports, a shortage of potential participants made it 268 

nearly impossible to increase the sample size. A possible way to improve reporting data from 269 

small samples might be to use a more qualitative approach which takes into account individual 270 

responses to the intervention. This perspective might add valuable information in the area of 271 

high-performance individual sports. 272 

To conclude, this study adds to the growing body of literature questioning the principal efficacy 273 

of CWI as a recovery tool (3, 8, 26). For the first time it has been shown that elite Olympic 274 

weightlifters on average do not show signs of improved performance recovery from multiple 275 

high intensity sport specific training sessions employing a CWI protocol post-workout. This 276 

particular population was hypothesized to benefit from the intervention due to the inherent 277 

characteristics of the sport that requires qualities previously found to be positively affected by 278 

CWI. However, results of the present study could not confirm these findings.  279 

Inter-individual variability in the response to the given stimulus calls for an individualized 280 

approach to recovery management (11, 22). Recent research has demonstrated the need to 281 

qualitatively assess each athlete individually in order to be able to to provide specific 282 

recommendations tailored to each athlete’s own response patterns. This is particularly true for 283 

elite populations and needs to be accounted for by sport scientists and coaches in order to 284 

maximize their athletes’ long-term performance development. 285 
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PRACTICAL APPLICATIONS 286 

Elite Olympic weightlifters should be advised on a case-by-case basis whether the application of 287 

CWI can be a useful implementation into their training or competition routines. Inter-individual 288 

differences in the response to the treatment do not allow for a more general practical 289 

recommendation. If CWI is employed, coaches and sport scientists are advised to cautiously 290 

monitor the subjective well-being of their athletes since CWI was shown to very likely have a 291 

negative effect on the athletes’ emotional state. 292 
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Figure 1. Visualization of the cross-over design employed in this study. 378 

Figure 2. Barbell snatch pull velocity at 85% of the estimated 1 RM for CON (a) and CWI (b). 379 
Bars indicate group mean velocity, while lines display individual trends. 380 

Figure 3. Barbell snatch pull velocity at 90% of the estimated 1 RM for CON (a) and CWI (b). 381 
Bars indicate group mean velocity, while lines display individual trends. 382 
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Table 1. Overview of all parameters assessed throughout the study. Results are displayed as mean ± SD.  

 CON CWI 

 Day 1 (Pre) Day 2 Day 3 Day 4 (Post) Day 1 (Pre) Day 2 Day 3 Day 4 (Post) 

vmax at 85% (cm/s) 195.29 ± 15.72   194.86 ± 14.18 196.00 ± 17.64   195.71 ± 13.16 

vmax at 90% (cm/s) 185.43 ± 14.32   187.71 ± 12.07 185.00 ± 21.78   183.71 ± 16.97 

         

CK (U/L) 192.29 ± 58.23 460.43 ± 180.74  542.00 ± 270.85 198.43 ± 75.15 455.43 ± 229.20  582.14 ± 304.95 

Urea (mg/dl) 44.14 ± 8.71 46.86 ± 11.01  43.86 ± 12.76 41.57 ± 7.50 46.57 ± 10.00  45.57 ± 7.41 

Free Testosterone (pg/ml) 15.62 ± 9.33 15.79 ± 9.86  15.83 ± 9.17 10.98 ± 2.34 17.43 ± 17.04  16.71 ± 11.64 

Cortisol (µg/dl) 15.98 ± 1.69 13.48 ± 2.21  13.41 ± 2.72 14.45 ± 3.80 13.80 ± 3.43  12.65 ± 1.16 

Free Testosterone/Cortisol Ratio 1.01 ± 0.66 1.26 ± 0.97  1.23 ± 0.74 0.86 ± 0.47 1.39 ± 1.53  1.35 ± 1.05 

         

Physical performance capability 4.14 ± 0.69 3.71 ± 0.49 3.86 ± 0.69 3.14 ± 0.90 4.00 ± 1.00 3.57 ± 0.79 3.43 ± 0.98 3.57 ± 0.79 

Mental performance capability 4.71 ± 0.49 4.14 ± 0.38 4.29 ± 0.76 4.14 ± 0.69 4.14 ± 0.90 4.00 ± 1.29 3.86 ± 0.69 3.86 ± 0.38 

Emotional balance 5.00 ± 0.00 5.00 ± 0.00 4.71 ± 0.76 4.86 ± 0.38 4.86 ± 0.69 4.71 ± 0.49 4.29 ± 0.76 4.86 ± 0.38 

Overall recovery 4.57 ± 0.53 3.86 ± 0.90 3.29 ± 0.76 2.71 ± 1.38 4.57 ± 0.79 3.43 ± 0.53 3.29 ± 0.76 3.57 ± 0.79 

Muscular stress 1.57 ± 0.79 2.29 ± 0.95 2.86 ± 1.21 3.29 ± 1.38 1.43 ± 0.79 2.43 ± 1.13 3.29 ± 0.95 3.00 ± 1.00 

Lack of activation 1.86 ± 1.21 1.43 ± 0.53 1.57 ± 0.98 2.00 ± 1.15 1.57 ± 1.13 2.29 ± 1.25 1.86 ± 0.69 2.00 ± 0.00 

Negative emotional state 0.71 ± 0.76 1.14 ± 0.90 1.14 ± 0.90 0.86 ± 0.38 0.71 ± 0.76 0.57 ± 0.53 1.29 ± 0.49 1.71 ± 1.50 

Overall stress 1.57 ± 1.27 2.43 ± 0.98 2.43 ± 0.98 3.14 ± 1.35 1.57 ± 1.27 2.29 ± 1.11 2.57 ± 0.98 3.00 ± 1.00 
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Table 2. Statistical analysis of all parameters. Overall P-value refers to the interaction of condition x time. 

 Largest inter-condition difference 

 

Difference ± 90% CL 

Difference as 

Cohen ES ± 90% CL 

Quantitative chances (%) 

(positive/trivial/negative) 

Qualitative inference Time Point 

Overall P-

value 

vmax at 85% (cm/s) 0.14 ± 6.84 0.01 ± 0.43 21/60/19 Unclear Day 4 - Day 1 0.969 

vmax at 90% (cm/s) -3.57 ± 5.41 -0.20 ± 0.31 2/47/50 Possibly negative Day 4 - Day 1 0.247 

       

CK (U/L) 45.14 ± 79.92 0.70 ± 1.24 77/13/10 Unclear Day 4 - Day 2 0.529 

Urea (mg/dl) 4.29 ± 6.77 0.54 ± 0.85 77/16/7 Unclear Day 4 - Day 1 0.434 

Free Testosterone (pg/ml) 6.28 ± 11.84 0.90 ± 1.70 77/10/13 Unclear Day 2 - Day 1 0.527 

Cortisol (µg/dl) 1.85 ± 2.42 0.63 ± 0.82 83/13/5 Likely positive Day 2 - Day 1 0.589 

Free Testosterone/Cortisol Ratio 0.29 ± 0.68 0.52 ± 1.23 68/17/15 Unclear Day 2 - Day 1 0.686 

       

Physical performance capability 0.86 ± 0.89 1.03 ± 1.08 91/6/3 Likely positive Day 4 - Day 3 0.263 

Mental performance capability 0.43 ± 1.03 0.57 ± 1.36 69/15/16 Unclear Day 2 - Day 1 0.851 

Emotional balance 0.43 ± 0.58 0.90 ± 1.22 85/9/6 Unclear Day 4 - Day 3 0.504 

Overall recovery 1.29 ± 0.82 1.99 ± 1.26 98/1/1 Very likely positive Day 4 - Day 2 0.139 

Muscular stress -0.71 ± 0.70 -0.94 ± 0.92 3/6/92 Likely negative Day 4 - Day 3 0.741 

Lack of activation 1.14 ± 1.37 1.00 ± 1.20 88/7/5 Likely positive Day 2 - Day 1 0.475 

Negative emotional state 1.43 ± 1.26 1.97 ± 1.74 95/2/3 Very likely positive Day 4 - Day 2 0.094 

Overall stress -0.29 ± 1.32 -0.23 ± 1.08 23/24/52 Unclear Day 4 - Day 3 0.979 
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