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Health Sciences, University of Jyväskylä, Finland; 3 Department of Health Sciences, Swedish Winter Sports Research 
Centre, Mid Sweden University, Östersund, Sweden

Summary

Study aim: The purpose of this study was to compare the effects of cold-water immersion (CWI) vs. active recovery performed 
after each individual strength and endurance training session over a 10-week period of high-intensity combined strength and 
endurance training.
Materials and methods: Seventeen healthy men completed 10 weeks of high-intensity combined strength and endurance train-
ing. One group (AR, n = 10) completed active recovery that included 15 minutes of running at 30–40% VO2max after every 
strength training session while the other group (CWI, n = 7) completed 5 minutes of active recovery (at the same intensity as 
the AR group) followed by 10 minutes of cold-water (12 ± 1°C) immersion. During CWI, the subjects were seated passively 
during the 10 minutes of cold-water immersion and the water level remained just below the pectoral muscles. Muscle strength 
and power were measured by isometric bilateral, 1 repetition maximum, leg press (ISOM LP) and countermovement jump 
(CMJ) height. Endurance performance was measured by a 3000 m running time trial. Serum testosterone, cortisol, and IGF-1 
were assessed from venous blood samples.
Results: ISOM LP and CMJ increased significantly over the training period, but 3000 m running time increased only margin-
ally. Serum testosterone, cortisol, and IGF-1 remained unchanged over the intervention period. No differences between the 
groups were observed. 
Conclusions: AR and CWI were equally effective during 10 weeks of high-intensity combined strength and endurance training. 
Thus, physically active individuals participating in high-intensity combined strength and endurance training should use the 
recovery method they prefer.
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Introduction

Recovery from exercise is important for reaping the 
benefits of repeated bouts of exercise. Recovery refers to 
the restoration of physiological processes of the body to 
their pre-fatigued state. In addition to sleep and nutrition, 
a number of recovery methods may be employed to facili-
tate recovery, such as: active recovery (AR, generally light 
aerobic exercise), stretching, massage, cryotherapy, non-
steroidal anti-inflammatory drugs, and compression gar-
ments. Cold-water immersion (CWI) is an easily accessible 

cryotherapy method that is commonly used. CWI can be 
performed in water or a combination of water and ice with 
water temperatures ranging from 5° to 15°C and immer-
sion time ranges from a few minutes to over an hour [5]. 
Several studies have reported decreases in skin, muscle, 
and core temperature with CWI that may aid recovery by 
reducing and/or delaying inflammation and the onset of 
muscle soreness [6], and increasing the feeling of relax-
ation [1]. In contrast, CWI may attenuate improvements 
in muscle mass and strength while blunting related muscle 
signaling processes for up to two days after exercise [4]. In 
terms of active recovery, the contraction-relaxation action 
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of active muscles increases or maintains blood flow while 
facilitating the clearance of metabolic waste, decreasing 
body temperature, and balancing the autonomic nervous 
system to drive recovery [3]. 

It is well established that acute bouts of high-intensity 
training must be balanced with adequate and appropri-
ate recovery to optimize training adaptations. Generally, 
adaptations to combined strength and endurance training 
include improved neuromuscular function and movement 
economy, as well as changes in body composition, but 
may also result in compromised adaptations in muscular 
function, particularly with higher volumes and intensities 
of combined training. The purpose of this study was to 
compare the effects of the contrasting recovery methods 
of CWI and AR performed after each individual strength 
and endurance training session over a 10-week period of 
high-intensity combined strength and endurance training. 
We hypothesize that these contrasting methods may influ-
ence recovery and thus training adaptations. 

Material and methods

Seventeen men completed the study. The inclusion cri-
teria were as follows: healthy, non-smoking, recreational-
ly physically active, BMI <30 kg/m2 and a recent Cooper 
running test >2300 m. Exclusion criteria and participant 
readiness have been described previously [2]. Ethical ap-
proval was granted by the University Ethical Committee, 
and the study was completed according to the most recent 
provisions stated in the Declaration of Helsinki. 

Study design
The training intervention has also been described pre-

viously [2]. One group of men completed active recovery 
(AR, n = 10, age: 33 ± 5 years, height: 183 ± 5 cm, body 
mass: 81 ± 9 kg, body fat: 17 ± 5%) including 15 minutes 
of running at 30–40% VO2max after each strength training 
session, while the cold-water immersion (CWI, n = 7, 29 
± 4 years, 178 ± 5 cm, 80 ± 9 kg, 17 ± 4%) group com-
pleted 5 minutes of active recovery (at the same intensity 
as the AR group) followed by 10 minutes of cold-water 
immersion after each strength training session. Strength 
and endurance training sessions were performed on sepa-
rate days. Strength training targeted primarily the lower 
extremities with several multi-joint movements performed 
both maximally and explosively. Endurance training con-
sisted of 4 × 4 min running intervals and 3 × 3 × 100 m 
all-out sprints. The water temperature was maintained at 
12 ± 1°C using a combination of water and ice. Subjects 
were seated passively during the 10 minutes of cold-water 
immersion and the water level remained just below the 
pectoral muscles.

Measurements
Muscle strength and power were measured by isomet-

ric bilateral, 1 repetition, maximum leg press (ISOM LP) 
and countermovement jump (CMJ) while endurance per-
formance was measured by a  3000  m running time trial 
on a 200 m indoor running track. Serum testosterone (T), 
cortisol (C), and insulin-like growth factor 1 (IGF-1) were 
assessed from venous blood samples that were taken in the 
morning after a 10–12 hour fast between 7.00 and 8.00. The 
methods have been reported previously [2]. All measure-
ments, except the 3000 m run, were completed at control 
(2–3 months before the intervention) and at pre (0 weeks), 
mid (5 weeks) and post (10 weeks) intervention.

Statistics
Statistics were performed using SPSS for Windows 

(IBM SPSS version 24.0; SPSS Inc., Chicago, IL). Means 
and standard deviations (SD) were calculated using con-
ventional methods. A  one-way analysis of variance was 
used to compare continuous variables between the groups 
at baseline and post-intervention, and comparisons within 
the groups were done using the paired samples t-test. A uni-
variate general linear model covariance analysis (ANCO-
VA) was used to test differences between the groups, with 
the difference (Δ-value) as the dependent factor, group 
variable as the fixed factor, and baseline values as cova-
riates. Mauchly’s test was used to test the assumption of 
sphericity. Where this assumption was violated, Green-
house-Geisser adjustments were used. Where significant 
main effects or interactions were observed, pairwise com-
parisons were used to identify the location of differences 
between measurement time points and training. All data 
are reported as means and standard deviations and statisti-
cal significance was set at p ≤ 0.05. 

Results

The participants completed 97% of the 37 training ses-
sions over the 10-week combined strength and endurance 
training intervention. The results are presented in Table 1. 
A  significant effect for time was observed in ISOM LP 
(p < 0.001) and CMJ (p < 0.001), but not in 3000 m run-
ning, T, C or IGF-1. No significant effect for group or 
group*time interaction was observed in any of the vari-
ables.

Discussion 

A  10-week combined strength and endurance train-
ing intervention accompanied by either AR or CWI in-
duced similar performance gains and no changes in basal 
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hormonal concentrations in physically active men. No dif-
ferences between the groups were observed in any of the 
measured variables. Only strength and power (ISOM LP 
and CMJ) increased significantly in both groups while 
endurance performance improved only marginally. The 
observed increases in strength and power were expect-
ed while the lack of significant improvement in running 
time may indicate that the present training combined with 
AR or CWI is not effective in improving running capac-
ity over relatively short distances on a flat surface. While 
CWI may have reduced or delayed muscle soreness or in-
creased the feeling of relaxation [1, 6] and AR may have 
aided in clearing metabolic waste [3], AR and CWI did not 
cause differences in adaptations to the present training.

Conclusions

AR and CWI were equally effective during 10 weeks of 
high-intensity combined strength and endurance training. In-
dividuals participating in high-intensity combined strength 
and endurance training should use the recovery method that 
suits their schedule and individual wants and needs.
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33.9 ± 10.1

31.9 ± 9.8
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