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Objectives: The study aimed to investigate changes in heart rate, blood pressure, respiratory rate, oxygen saturation, and body temperature in non-professional trained runners during whole body cryotherapy (WBC).

Methods: Ten middle-distance runners received 3 once-a-day sessions of WBC. Subjects underwent BP measurements and ECG recorded before and immediately after the daily WBC session. During WBC we recorded a single lead trace (D1) for heart rhythm control. In addition, the 5 vital signs Blood pressure, heart rate, respiratory rate, oxygen saturation, and body temperature were monitored before, during, and after all WBC session.

Results: We did not report significant changes in ECG main intervals (PR, QT, and QTc). Mean heart rate changed from 50.98 ± 4.43 bpm (before) to 56.83 ± 4.26 bpm after WBC session (p < 0.05). The mean systolic blood pressure did not change significantly during and after WBC [b baseline: 118 ± 5 mmHg, changed to 120 ± 3 mmHg during WBC, and to 121 ± 2 mmHg after session (p < 0.05 vs. baseline)]. Mean respiratory rate did not change during WBC as well as oxygen saturations (98 vs. 99%). Body temperature was slightly increased after WBC, however it remains within physiological values

Conclusion: In non-professional athletes WBC did not affect cardiovascular response and can be safely used. However, further studies are required to confirm these promising results of safety in elderly non-athlete subjects.
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INTRODUCTION

Whole body cryotherapy (WBC), short exposure to dry air at cryogenic temperatures, has recently been applied to recovery after injury during sports and to counteract the inflammatory response due to specific diseases, characterised by high levels of inflammation such as rheumatoid arthritis (1–3).

The use of cryotherapy as an alternative or in association with immersion in cold water is widespread among professional athletes and is also spreading among non-professional athletes. However, the latter carry out the treatment WBC without medical supervision. Consequently, it is important to know the effects of cold temperature on cardiovascular parameters, especially on blood pressure in order to define the level of safety of the procedure. WCR results in rapid and especially short-term exposure to low temperatures.

Recent reports suggest that one or more WBC sessions can induce anti-inflammatory effects (4). In a previous study, we analysed a large panel of cytokines, haematological, and hormonal parameters, as well as circulating mitochondrial DNA (1, 5). We found that in non-professional athletes, WBC induced beneficial immunological and metabolic responses and seems to promote tissue repair (1).

To our knowledge little is known about the effect of cryogenic temperature during WBC on cardiovascular parameters.

Using state of the art technologies, we investigated changes in heart rate, blood pressure, respiratory rate, and oxygen saturation in non-professional trained runners. In addition, we also evaluated changes in electrocardiogram immediately after WBC and after acute exposure.



METHODS


Subjects

Ten volunteer middle-distance non-professional runners were recruited by dedicated sport clubs for consecutive, 2-min WBC sessions, proposed over a 3-day schedule. The mean age was 38 ± 12 years. Subjects with known injuries or inflammatory diseases were excluded. During the study, the athletes' training programs were maintained from previous weeks: specifically, runners trained once a day (average 60 min/run). We selected a group of runners belonging to the same non-professional group who were used to training together. The training of runners was scheduled for alternating a day of 20-min run with an easy warm-up plus aerobic repeats and a day of 40/70 min of endurance running. No change in the running program was performed during the study. Training sessions were in the evenings. WBC sessions (as well as blood and urine collection) were conducted at lunchtime.

Lifestyle and cardiovascular risk factors were investigated. Specifically cardiovascular risk factors included: familiarity, blood lipid levels, smoking, hypertension, diabetes, body mass index. Caffeine consumption was evaluated: we investigated frequency and quantity of coffee (espresso coffee, cappuccino), tea and caffeinated drinks (including energy drinks and sports drinks).

The local Ethics Committee approved the study (Area Vasta Nord Emilia Romagna #88/2018/SPER/AUSLMO) and each subject provided written informed consent. Volunteers were involved in the reporting and dissemination of our research.



ECG

Subjects underwent BP measurements and ECG recorded before and immediately after the daily WBC session. During WBC we recorded a single lead trace (D1) for heart rhythm control. The following parameters were measured and compared before and after WBC session: heart rate (bpm), rhythm, QT and QTc intervals (msec), PR interval (msec), number of supraventricular ectopic beats (SE), number of ventricular ectopic beats (VB).

The study's workflow has been previously published (1).



Vital Signs and Cardiovascular Parameters

Non-invasive hemodynamic assessment will be determined by recording the 5 WHO recommended vital signs through electrocardiography and photo plethysmography signals, acquired from the subjects' hands, carefully calibrates the data according to mathematical models. ButterfLife® is a non-invasive patented medical device that records the 5 vital signs [heart rate (bpm), blood pressure (mmHg), respiratory rate (rpm), oxygen saturation (%), and body temperature (°Celsius)] simultaneously and provides an output of behaviour of the signs that can be easily analysed in real time or by remote clinical staff in telemedicine model. Every 5 s the software emits the 5 vital parameters in addition to the signals visible on the ECG monitor and photo plethysmography.

Thanks to the integrated artificial intelligence, the system acquires and sends data every 5 s and creates a trend of the parameters, allowing a reliable and customizable detection of the parameters over time, comparable with the previously recorded health data. An Integrated artificial intelligence algorithm elaborates parameter of Heart Rate Variability (HRV). The time-domain parameters of HRV evaluated were SD of RR intervals, root mean- squared difference in successive RR intervals, and percentage of successive RR intervals 50 ms different from one another. The frequency domain parameter of HRV evaluated will be high-frequency power (0.15 to 0.40 Hz). Sympathovagal balance will be assessed by low-frequency power/high-frequency power ratio. Vital signs recording allows for a simple assessment of the patient's underlying health conditions in order to proceed with safe and tailored exercise. It also allows the monitoring of clinical conditions during the WBC and changes of the hemodynamic function (6, 7).



Statistical Analysis

Quantitative variables were compared between pre- and post-WBC by the Wilcoxon matched pairs signed rank test or by two-way ANOVA and Sidak's multiple comparisons test. Correlations between values recorded with traditional methods and recorded with BF were explored with linear regression analysis. Multivariate analysis was performed to exclude potential confounding factors. Due to the correlation between heart rate and blood pressure these variables were analysed separately.

Potential confounders included cardiovascular risk factors and lifestyle habits, i.e., smoking habits, intake of energy drinks, and caffeinated beverages.

P-values < 0.05 were considered statistically significant. Statistical analyses were performed using Prism 6.0 (Graphpad Software Inc., La Jolla, USA).




RESULTS

Clinical characteristics and blood analytical chemistry parameters of subjects are shown in Table 1. No change in the running program was performed during the study. Subjects were asymptomatic during all WBC sessions.


Table 1. Baseline characteristics of athletes.
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Changes in ECG Parameters

ECG was recorded before and after WBC session. We did not report significant changes in ECG main intervals (PR, QT, and QTc). Mean heart rate changed from 50.98 ± 4.43 bpm (before) to 56.83 ± 4.26 bpm after WBC session (p < 0.05). During WBC we recorded rare supraventricular ectopic beats in 2 subjects. No ventricular ectopies were registered during WBC sessions.



Changes in Vital Signals Parameters

The mean heart rate before WBC was 51.75 ± 4.56 bpm, changed to 57.23 ± 5.12 bpm during WBC (p < 0.01) and to 61.5 ± 3.67 bpm after session (p < 0.05). The trend was an increase of the heart rate during exposure to very low temperature, however values remain within normal range. This trend reduced from the first to the last sessions (Figure 1).


[image: Figure 1]
FIGURE 1. Changes in heart rate (bpm) at baseline, during, and after WBC.


The mean systolic blood pressure did not change significantly during and after WBC (baseline: 118 ± 5 mmHg, changed to 120 ± 3 mmHg during WBC and to 121 ± 2 mmHg after session (p< 0.05 vs. baseline). Figure 2 shows changes in systolic and diastolic blood pressure during the WBC sessions. All subjects showed an increase of values after WBC however changes were small and values remained within normal range.
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FIGURE 2. (A) Changes in systolic blood pressure (mmHg) at baseline, during, and after WBC. (B) Changes in diastolic blood pressure (mmHg) at baseline, during, and after WBC.


Mean respiratory rate did not change during WBC (before 14.5 ± 2 rpm changed to 15 ± 1 rpm) as well as oxygen saturations (98% vs. 99%) (Figure 3).
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FIGURE 3. Changes in respiratory rate (rpm) at baseline, during, and after WBC.


Body temperature was slightly increased after WBC; however, it remains within physiological values. After the completion of the WBC treatments, the skin temperature normalised very quickly.

Due to the small number of subjects included in the study and the homogeneous characteristics of population we could only include smoking habits and the intake of energy drinks and caffeinated drinks as confounding factors. We found no significant differences in results after analysing the results according to these variables.




DISCUSSION

The current study evaluates the cardiovascular effects of WBC treatment in non-professional male runners. The main feature of the present study was that WBC did not change cardiovascular parameters.

WBC has been shown to be very effective on human health especially in its action on inflammation and muscle damage related to high exercise. The effects on inflammatory biomarkers (IL-6, IL 9 etc) are reported in several studies as well as the effects on the lipid and hormonal structure (1–3). The use of cold to reduce the inflammatory response triggered by strenuous physical activity is widespread among high intensity professional and non-professional athletes (1, 8). According to that reported in previous studies, WBC had an overall beneficial effect of on lipid, glucose, and protein metabolism (1). The effects on lipid levels were reported after at least 10 WBC sessions. In a previous study, we found an improvement of HDL after 3 sessions of WBC suggesting a sub-acute effect (9, 10). WBC also acts on skeletal muscle contraction and fatigue (11, 12). Furthermore, one of the most frequent complications in athletes, especially in the elderly, are cramps. Muscle cramp is a sudden, severe, and involuntary muscle contraction or excessive shortening. Symptoms range from mild to severe pain to paralysis-like immobility (13).

Several hypotheses have been advanced to explain the origin of muscle cramp induced by exercise, i.e., dehydration and electrolyte depletion hypothesis and neuromuscular hypothesis (13). In both cases a trigger for muscle cramps is high-humidity environment and elevated heat conditions. Although there is no evidence that WBC has beneficial effects on cramps, the climatic conditions generated by exposure to cold could counteract the appearance of exercise-induced cramps. This hypothesis is at the moment theoretical and to be proved but certainly compelling.

Little is known about the cardiovascular effects of WBC. Previous studies have reported an increased risk of myocardial infarction, stroke, and blood pressure when the external temperature decreases (14–16). The mechanisms proposed to explain this association are systemic inflammation, thrombosis, and vasoconstriction (17). However, most of the studies refer to the external temperature; on the contrary, the evidence on the cardiovascular effects of rapid exposure to cold is scarce. BMI and fat could influence cardiovascular effects induced by exposure to cold temperature. Young runners usually have a low BMI with high muscle and low fat. However, BMI is not a good measure for athletes because it does not allow evaluating differences in lean body mass and fat mass. Conventional Bioelectrical Impedance Analysis or Bioelectrical Impedance Vector Analysis can give more reliable details about body composition differences in competitive and non-competitive subjects, outlining a progressive decline in ECW and increase in ICW without affecting TBW composition of athletes (18, 19).

Nonetheless, exposure to cold through WBC is a habit that is spreading for selective reduction of adipose tissue, anti-ageing, and as a release of stress (20–23).

Wiecek and colleagues found that repeated whole-body exposure to cryogenic temperature increased inducible nitric oxide synthase (iNOS) concentration in senior subjects, regardless of their physical activity level (22).

We evaluated cardiovascular safety of WBC through measurements of vital signs during sessions. The new patented and certified system we used allow us to get data during all treatment exposure. The average and standard deviation of vital parameters calculated for both the ButterfLife and the reference methods show an accurate and repeatable accordance between the devices (Data showed in Supplemental Materials). Systolic, diastolic, and mean blood pressure showed a small change during WBC and these changes attenuates during repetitive exposure supporting the hypothesis that the first value recorded during the first exposure are induced by sympathetic activation. Similarly, heart rate and respiratory rate showed small changes during cold exposure and come back to previous values quickly. Oxygen saturation did not change during WBC. All these data suggest that WBC can be used safely in young athletes.

Limitation of the study. The main limitation of the study is the low number of subjects included in the study. The selection of patient populations was very strict to avoid bias, as previously stated the runners belong to the same non-professional group who were used to training together. A second limitation is the young age of the study subjects, which makes it difficult to transfer the results to the population of older non-professional athletes.

However, from a practical clinical point of view, the knowledge of the effects of acute cold on cardiovascular parameters is important to prevent unexpected and dangerous events, especially due to the widespread diffusion of physical activity and sports even in non-professional subjects. WHO guidelines suggest increased physical activity as a way to prevent non- communicable diseases, but when it comes to adults and elderly, it is important to expand our knowledge on safety (24–28).

Further investigations are needed to evaluate its safety in elderly non-professional athletes and also in elderly non-athletes.



CONCLUSIONS

As a whole, a main conclusion can be drawn from the present study. In non-professional athletes WBC did not affect cardiovascular response and may be a protagonist in promoting a safety process of tissue repair. However, further studies are required to confirm these promising results of safety in elderly non-professional athletes and also in elderly non-athlete subjects.



INTEREST IN THE FIELD

Whole body cryotherapy (WBC) seems to have a beneficial effect on tissue repair, innate, and adaptive immune systems in non-professional male athletes. In recent years, WBC has also spread to non-professional athletes and adult/elderly subjects for its anti-inflammatory and anti-aging effects. It becomes essential to verify the safety of this method especially at the cardiovascular level.
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