Whole Body Cryotherapy

Whole body cryotherapy (WBC) is the brief exposure to extremely cold air in a custom temperature
(-110 to -196°C) and humidity controlled cryo-sauna. Exposure duration is usually kept around 3
minutes. During exposure, a minimal amount of clothing is worn for safety.

The Effects of Whole-Body Cryotherapy

% Anti-inflammatory effects
Studies have demonstrated that engaging in WBC increases the levels of anti-inflammatory
interleukins, proteins important for immune and inflammation responses, while also lowering
secretions of pro-inflammatory signalling molecules.

WBC temporarily constricts local arteries and veins; constriction paired with the lower temperatures
block the transport of white blood cells (or leukocytes) to the area of damaged tissue. Leukocytes
initiate the acute inflammatory process following Exercise-Induced Muscle Damage (EIMD).



Acute and chronic elevation of Interleukin 6 (IL-6), a protein produced and released by muscle cells
in response to muscle contraction, has significant pro-inflammatory effects. According to one study,
pre-exercise WBC prevented IL-6 spikes in male volleyball players (6). The same study demonstrated
a potentially protective effect against the post-inflammatory cascade following exercise.

Another study indicated that repeated WBC (2 sessions a day, for five days) in the setting of daily
exercise kept IL-6 at the baseline compared to that of passive recovery (9). These same sessions
resulted in a 60% decrease in serum TNF- a, an inflammatory biomarker linked to cases of Type 2
Diabetes, Alzheimer’s and cancer.

The decline in inflammatory signalling decreases pain and soreness following athletic activity,
potentially allowing the athlete to recover faster from competition (1)(2)(3)(7)(8).

In a randomized control study, Hausswirth et al. saw that a single WBC session immediately after
EIMD not only relieved pain, but also prevented muscle swelling and facilitated faster muscle
strength recovery just 72 hours post-EIMD. The control group in this study did not recover from
muscle swelling and pain until 24 to 96 hours following EIMD, and even at that, muscle strength was
still depressed from the baseline 96 hours post-EIMD (15). In other words, the WBC group managed
to recover muscle strength faster than control group because they decreased inflammation and all
EIMD symptoms by using WBC after their workout. The study results show that control group didn’t
recover from EIMD and muscles were not able to regain strength 96 hours after workout, as amount
of post exercise recovery wasn’t fast and/or long enough for control group.
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* On Muscle damage

All bodily processes produce oxidants in the cells. High intensity exercise produces more oxidants
within the intracellular space. Initially, the cells respond through the production and utilization of
antioxidants in order to prevent damages to proteins and DNA. However, as oxidants begin to
overwhelm the intracellular space, they damage the cell membrane and are subsequently released
into the intercellular space, or outer cell in a process known as Oxidative Stress. When a large
number of cell membranes are damaged by these oxidants, resulting in a local inflammatory
response.

Increases in inflammatory marker creatinine kinase (CK) increases with muscle damage. This often
indicates excessive physical workloads and possible overtraining. One study on kayakers showed
that those who engaged in WBC had decreased levels of CK, in comparison to other kayakers who
did not do WBC.

Additionally, compared to passive recovery, WBC also notably decreases levels of lactate
dehydrogenase (LDH), a tissue damage marker (1)(2).
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% On the Brain

WBC induces the robust release of norepinephrine, hormones and neurotransmitters that affect
focus, attention and mood due to their stimulation of the sympathetic nervous system (fight or flight
response by increasing heart rate, blood pressure, sweating, respiration rate, blood glucose level,
alertness and focus.



The release of norepinephrine positively alters pain, metabolism and inflammation processes: it
increases heart rate, blood flow, blood glucose level, and the pro inflammatory response at the initial
phase of stress as well as the anti-inflammatory response after the stress ceases. Norepinephrine is
stimulated by stress; its goal is to prepare the body to fight cold stress by delaying the sensation of
pain and partially triggering brown adipose tissue which utilizes blood glucose and stored fat to
generate heat. Long-term studies in humans show that WBC exposure at a temperature of -110°C for
2 minutes, 3 times per week in a 12-week period dramatically increases plasma norepinephrine, which
is beneficial for immune system, by 200-300%, and did not decrease with habitual exposure to cold

(2).

% Body mass index & Cooling
According to the findings of various studies (4)(5)(17), severely overweight or obese individuals are
more susceptible to cooling than individuals with average weight. Similarly, males and females
appear to respond differently to WBC exposure; females tend to have higher levels of adipose tissue

than males and therefore experienced a greater degree of skin cooling.

The interaction between body and cryo-sauna occurs principally on the skin, and skin temperature
directly reflects the balance between heat-loss to the environment and heat deposited by
metabolically active tissue. Skin temperature has been shown to reduce significantly immediately
after WBC exposure and then increase up to 1 hour after exposure, with concomitant decreases in

muscle and core temperature.

Heat transfer mechanisms and processes depend on several factors including size of the contact
area, the difference in starting temperatures, and the heat capacity of each material. Thickness of
adipose tissue also affects cooling time, with thicker skinfolds requiring longer exposures to than
thinner skin folds to produce a standard temperature in deeper tissues. With WBC, differences in
magnitude of cooling have been observed in individuals with a high body mass index (BMI)
compared to those with a lower body mass index. The highest magnitude of temperature changes
was observed within lower extremities (tibias: -8.7°C; feet: -5.2°C), the mean total body

temperature decreased by 5.8°C, while the internal body temperature dropped only by 0.8°C.



Despite females having higher levels of adipose tissue, they experience greater mean temperature
changes compared to males (12.07 £ 1.55°C vs. 10.12 + 1.86°C). Female body mass is also 20% less,
with 14% more fat, 33% smaller lean body mass and 18% less surface area, higher subcutaneous to
visceral fat ratio and a smaller ratio of fat mass index (FMI) to FFMI (fat free mass index) than their
male counterparts. Furthermore, females' (Body Surface Area) BSA-to-mass ratio is higher, with heat
loss increasing proportionally to this ratio. Under cold stress, females have more extensive
peripheral vasoconstriction, with greater surface heat loss, and show significantly reduced sensitivity
of the shivering response. Taken together, this evidence could explain the discrepancy in cooling

efficiency between sexes (17).

< As an Antioxidant

Common with exercise and the process of energy metabolism, one of the side effects of burning fat is
the production of harmful Reactive Oxygen Species (ROS). ROS damages DNA, which is a process linked
to aging; an oxidative damage process of DNA that accumulates with time as well as age-related
diseases. Exposure to cold temperatures activates very potent antioxidant systems, such as
glutathione reductase and superoxide dismutase. Referencing the study on kayakers, those who were
exposed to WBC for 3 minutes at a temperature of about —120 to -140°C over the course of 10 days
had a 36% increase in superoxide dismutase levels and a 68% increase in glutathione reductase levels
(6)(11)(12).
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“* Functional recovery

Functional recovery is defined as a return to the baseline following exertion of any form in terms of
strength, pain and subjective fatigue.

Hausswirth et al. found that undertaking WBC immediately, or 24 to 48 hours after intense trail
running resulted in significant improvements in strength, pain and subjective fatigue compared to
the untreated control group. Ziemann et al. also found improved performance associated with WBC
within a group of elite tennis players. They found that athletes that were subjected to daily WBC
exposure of -120°C, twice a day, during a 5-day training camp had managed greater shot accuracy
during two testing sessions, compared to the untreated control group. A single WBC exposure (3
minutes at -110°C) enhanced subjective and metabolic recovery, based on blood lactate and
VO2max levels, after intense bouts of swimming, compared to the control group using passive
recovery (9)(10).

Finally, Kruger et al. examined 11 endurance athletes in a randomized cross-over study during which
high-intensity running was followed by WBC or a placebo intervention. They reported WBC



improved acute recovery during high-intensity intermittent exercise in thermal neutral conditions
(3)(7)(9).
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% Heart rate variability

Heart Rate Variability (HRV) is the variation in the time interval between consecutive heart beats in
milliseconds. It is affected by exercise, hormonal reaction, metabolic processes, stress and recovery.
HRV is typically higher when heart beats are slower, and lessens when the heart beats faster, during
stress for example. Studies show that WBC between two sessions of exercise resulted in increased
HRV, a trait associated with reduced morbidity, mortality and improved wellbeing. Higher HRV is
linked to improved performance, regeneration, recovery, less strain during activity, and more
sufficient responses to stress (13)(14).

R/

% Cryotherapy and Arthritis

Cryotherapy decreases the intra-articular temperature, causing the downregulation of several
inflammatory and destructive joint mediators (cytokines and cartilage degrading enzymes).

In one study, participants with adhesive capsulitis (frozen shoulder) were chosen randomly to
receive either physical therapy or physical therapy with WBC. After 4 weeks of treatment, the group
exposed to WBC had significantly greater improvements in terms of pain, shoulder function and
range of motion (ROM).

Another study took patients with osteoarthritis and subjected them to sessions of WBC over 10 days.
The results showed improvements in the conditions of 78% of the participants. Similarly, six studies
examining a total of 257 patients with rheumatoid arthritis show results of significant pain reduction
measured by visual analogue scores, as well as improvement in Disease Activity Score in 28 joints
(DAS28) after chronic cryotherapy (16).

«» Alterations of lipid profile

WABC has beneficial effects on the lipid metabolism in both the physically active and obese
population. Lubkowska et al. examined 69 physically active males who underwent 20 sessions of
WBC over the course of 20 days, and found that triglycerides significantly decreased, while high and
low-density lipoproteins (HDL and LDL) significantly increased. The same results occurred in a 2015
study by Lubkowska at al., while examining 45 overweight and obese men after 6 months of
moderate aerobic activity and WBC. It was reported that while body mass, body fat percentage and
lean body mass percentage did not change, LDL and triglycerides decreased, while HDL increased

(4)(5).
% Frequency

The effectiveness of WBC depends on the frequency of exposure. A plan of 20 consecutive sessions
is the minimum for effectiveness evaluation.

A study was done on 45 healthy men, divided into three groups based on the number of sessions
each had to undergo. Subjected to 5, 10 or 20 sessions, each one 3-minutes long at a temperature of



-130°C. Blood was collected for analysis before the sessions and upon completion of the study, as
well as two weeks after that, for examination of any long-term effects. The results showed that in
response to cryo-stimulation, the level of anti-inflammatory cytokines IL-6 and IL-10 increased while
levels of Il-1a cytokine decreased. It seems that the most advantageous sequence was the series of
20 cryo-stimulations. This group had the longest lasting effects of stimulation after the completion of
the whole series of treatments. In conclusion, 30 sessions should be the ideal, taking into account
the possibility of a complete hematological and immunological recovery after the initial response
(19).
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% Cold Water Immersion & Whole-Body Cryotherapy

Cold water immersion (CWI) is an immersion of the body into cold water (€15°C) immediately after
exercise. Immersion times range from 1-15 minutes. A 2016 systematic review of the current research
has identified that durations of between 11-15 minutes provides the best results for cold water
immersion. It takes approximately 10-minutes for the movement of interstitial-intravascular fluid
(fluid in tissues and blood vessels) to occur, suggesting that immersion should be of at least 10-
minutes in order to optimise the effects of recovery.

CWI causes vasoconstriction, leading to lower localised blood flow. Reduction in blood flow around
the damaged tissues, caused by strenuous exercise, reduces oedemas and inflammatory activity.

Decreased pain or reduced perception of pain is due to the analgesic effect of the cold water.
Whereby the immersion into cold water leads to a decreased nerve conduction speeds and
excitability, thus reducing communication with the sympathetic nervous system (flight or fight
response).

Decrease in the perception of pain is related to reduced inflammatory pathways by reduced pain
receptors activity, reduced exercise-induced swelling and reduced white blood cell access (pro
inflammation response).

Both CWI and WBC are capable of relieving pain and soreness, lessening inflammation and improving
recovery. In the case of CWI, water is a better conductor for cold than the dry gas method of WBC,
meaning that the sensation of coldness in CWIis more potent but can also be more painful, whereas
WBC at most offers slight discomfort. Additionally, CWI poses the risk of contracting hypothermia, of
which there is no risk for WBC.

CWI also requires more wait time before subsequent training sessions. A period of 12-24 hours is
recommended post-CW| before engaging in exercise. In the case of WBC, exercise or training can be
done immediately after treatment.

CWI also has the potential to do damage to the skin and hinder the immune system, while WBC does
not; in fact, WBC is recommended for strengthening immunity.
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