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Chapter

Physiological Responses to 
Outdoor Recreation: How it Can 
Help you Prepare your Outdoor 
Activity and How to Intervene
Andrée-Anne Parent and Tegwen Gadais

Abstract

Outdoor activity can help to promote an active lifestyle; however, it is often 
associated with risks from its surrounding environment. Understanding physi-
ological responses to several outdoor activities and how to use simple monitoring 
tips to reduce risks will provide real-life applications in the preparation of outdoor 
recreation. The purpose of this chapter focuses on common stressful conditions: 
thermoregulation, energy demand, musculoskeletal injuries risks, sleep and 
recovery. These are some constraints that can be encountered in any outdoor 
context. The physiological responses and recommendations based on up-to-date 
research will provide useful methods for risk assessment and how to manage 
them. Finally, the health benefits from outdoor activity in different populations 
will complete this chapter in order to help specialists structured and adapted their 
intervention planning.

Keywords: outdoor recreation, thermoregulation, metabolism, musculoskeletal 
injuries risks, recovery, physiology

1. Introduction

Outdoor activities have many health benefits, such as promoting physical activity 
and could play a role in stress management and mental health [1, 2]. However, the 
outdoor environment can be challenging for human physiology. Therefore, prepara-
tions are needed before the start of the activity in order to prevent any potential 
risks. The present chapter will outline the basics human physiological responses 
to different environmental challenges during outdoor activities and how to better 
prepare for them in the wild. Most of the research related to environmental physiol-
ogy and guidelines in outdoor safety were conducted in work-related environments 
from different occupational health-related studies. This previous research could give 
us a better understanding of the physiological responses in the environment and may 
be used to prepare for outdoor activities. However, the physiological responses in a 
work-related environment could be different in the outdoors, and thus recommen-
dations may have to be adapted for outdoor recreational activities. For this reason, 
the present chapter will include both work-related and outdoor-related physiological 
responses and guidelines.
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2. Thermoregulation

Human body core temperature needs to stay in a short-range of approximately 
37 ± 1° C [3]. During an outdoor event, the environment can impact the core 
temperature. Accordingly, wearing clothes, seeking shelter or exposure time will 
help keep the homeostasis of a core temperature between 27 and 42°C [4]. However, 
some outdoor sports involve risks related to cold exposure due to the distance from 
a shelter, and in turn, this could affect core temperature.

The environment influences human thermoregulation in different ways by four 
physics principles: radiation, conduction, evaporation and convection. The heat 
transfer from or to a human body with the environment is based on physics rules. 
Convection is a transfer of heat by fluid motion (gas or liquid) across the surface. 
Conduction is a heat transfer from a solid material to another through direct 
contact, for example, the hot sand on a beach to your feet. Radiation in the environ-
ment comes from the sun radiation, which is reflected from the ground or a rock. 
Nonetheless, the radiation can arise from the human skin that constantly radiates 
heat in all directions. This radiation can be observed with an infrared device and be 
used for safety in some work area where workers are exposed to high-temperature 
variations, such as a frozen food factory. Finally, evaporation is the primary way to 
dissipate heat from the human body. For example, sweat must evaporate (turn into 
a gas form) to dissipate the heat. In a situation where the sweat stays in liquid form, 
it represents a water loss without heat loss for the human body. The interactions 
between the environment and the human body are illustrated in Figure 1. Some 
equations are proposed to understand the thermoregulation resulting from these 
different factors interactions between the human and his environment: the heat 
balance equation:

 M R C K E± ± ± − = 0  (1)

M: metabolism (heat production in Kcal), R: radiation or radiant heat exchange 
(where the value is negative when the environment temperature is lower than the 
skin and can be measured with a globe thermometer or infrared), C: heat exchange 
by convection (where the value is negative when the air temperature is lower than 

Figure 1. 
Thermal balance between environmental factors as well as behavioral and physiological human responses.
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skin temperature that can be measured by a thermometer and hot-wire anemom-
eter), K: heat exchange by conduction (this value is usually negligible, except for 
activity like swimming or diving, K can be 20 times heat conductive (heat-removing 
in cold water) than air. Finally, E: heat loss by evaporation can be estimated by 
weight difference to estimate the sweat amount where some equations can help to 
convert in heat (energy) loss [5–8].

From this equation (Eq. (1)), other authors add some parameters: Gagge and 
Gonzalez [9] added work (+W) to the equation (Eq. (2)); work means any physi-
cal activity where a heat production will result from muscle activity. Winslow, 
Gaggeand, and Herrington [10] also proposed correction due to the storage of body 
heat (S). It was observed that most tissues are about 0.83. Even if all these equa-
tions are from old studies, they are the foundation of many guidelines for outdoor 
activities.

 M S R C W E± ± ± ± − = 0  (2)

Some human behavior factors help humans to survive in an environment where 
the balance will be superior (core temperature increase) or inferior (core tempera-
ture decrease) at 0 in the equation’s result. The 0 represent the thermal comfort, 
and to reach it, one of the planning of outdoor activity is clothing. It is also possible 
to calculate the thermal comfort from clothes in some environment with the Clo 
units [11]. One Clo unit represents the thermal isolation to maintain comfort and 
mean skin temperature at 33°C at rest in an environment with the air temperature 
of 21°C, relative humidity less than 50% and air velocity at 20 ft./min as defined 
by Gagge et al. [12]. This way to measure the impact of clothing still use today in 
occupational health and sports enthusiast [13, 14].

2.1 Physiological responses to a cold environment

A cold environment can affect a stable thermal balance by inducing physi-
ological changes. Briefly, when the blood and/or the skin temperature decreases, 
the information goes to the hypothalamus to induce: 1) vasoconstriction in skin 
blood vessels to reduce heat loss in the environment and, 2) the skeletal muscles are 
activated to produce heat, causing the shivering. These responses help to increase 
heat production and in turn increase body temperature to keep homeostasis. These 
physiological changes are influenced by individual characteristics such as body 
composition, ethnicity, sex, age, and fitness levels [6]. But other factors could 
also affect these responses such as medication, caffeine and alcohol [15–17]. For 
example, consuming acetaminophen may decrease core temperature and heat 
production [18]. However, it should be noted that the physiological responses to a 
cold environment are complex and that the fundamental mechanisms involved in 
this process are poorly understood.

2.1.1 Effect of cold environment exposure on exercise performance

In a cold environment, the human body responds differently from an acute than 
repeated exposure to cold. During an acute exposure to cold, the skin receptors are 
responsible for alerting the human body by some discomfort. Usually, the human 
body begins to experience some discomfort at a skin temperature under 29°C. 
However, with acclimatization by repeated exposure to cold, a tolerance is devel-
oped partially by a psychological adaptation, by a central nervous system adapta-
tion and lower finger skin temperature loss [19, 20]. During outdoor activity, this 
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acclimatization can help motivate people to enjoy winter outdoor sports, but it can 
further increase the risk of cold injuries [19, 21].

During winter outdoor activity, other considerations need to be taken regarding 
energy intake and exercise performance. Metabolism increases 2-5 times by the 
sympathetic system at rest, but at exercise, it will depend on the intensity and can 
reach 10-20 times higher. For the moment, the literature is not consistent with the 
oxygen consumption at the same intensity in a cold environment. Some authors will 
report a higher oxygen consumption, and others reported a similar consumption 
[22]. These different results can be explained by different temperature exposi-
tions, the exercise intensity and, the participants’ fitness levels [22, 23]. A similar 
controversy can be observed with the heart rate at submaximal exercise that can be 
explained by the exercise intensity. Oska et al. [23] observed that the heart rate was 
lower at the cold environment for a moderate exercise intensity (50%VO2max), 
but was higher during very light exercise intensity (25%VO2max). Nonetheless, the 
authors agreed on the decrease of maximal oxygen consumption and the decrease 
of maximal cardiorespiratory capacity [4, 22]. Finally, other physiological responses 
can affect exercise performance during outdoor activity in a cold environment 
such as: a decrease in strength, a decrease of maximal power, coordination lost a 
decrease of dexterity, higher reaction time and decision-making that can increase 
the accident risks for some sport like climbing [6, 8, 20].

2.1.2 Individual characteristics

Some individual characteristics need to be taken into consideration with the 
planning of outdoor activities. As mentioned earlier, body composition, ethnicity, 
sex, health status and age can influence the physiological responses to cold. Body fat 
percentage and the ratio body surface on body mass can affect the thermoregulation 
efficiency. That is, subcutaneous fat is an excellent insulator due to reduced conductor 
proprieties by the lower quantity of blood vessels and water. This creates an excellent 
resistance to heat exchange towards the environment in which individuals with higher 
fat percentage will conserve more heat in a cold environment. Skinfold measurements 
may be used as a clinical tool to quantify subcutaneous fat thickness and could be 
used as an indicator of tolerance to cold. The ratio body surface to body mass also 
influences the rate of heat loss. In fact, a larger individual with a smaller surface 
area will increase their tolerance to cold. These two anthropometric characteristics 
explain why older people, adolescents and children are more at risk than an adult. 
Usually, these populations have lower subcutaneous fat and a disadvantaged ratio. 
Furthermore, older individuals often have medication intake that can play a role in 
thermoregulation, and this may increase the risks in a cold environment [4]. Ethnicity 
can also influence thermoregulation responses. For example, research has shown 
that Caucasians have a different oxygen consumption, skin temperature and rectal 
temperature responses to acute cold exposure than African American [24]. These 
differences seem to be explained by several adaptation patterns (by genotypes and/or 
phenotype) across other various ethnicity groups such as Eskimos, Alacaluf Indians 
and Australian Aborigines [25].

For the sex influence, the estrogen secretion influences the hypothalamus where 
even if women have generally a higher percentage of body fat, they have a lower 
tolerance to cold and lower skin temperature for the same effort and same environ-
mental conditions than men [26, 27]. This implies postmenopausal women have a 
higher cold tolerance than premenopausal women. It was also observed by Kaikaew 
and al. [26], that women will start shivering at a higher environmental temperature 
than men. This sex different should be taken into consideration during preparation 
and during outdoor activity.
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2.1.3 Prevention and intervention tips

Frostbite and hypothermia can have important consequences, which include 
superficial tissue loss to loss of consciousness. The Wilderness Medical Society has 
provided some simple guidelines in a cold environment [28]:

• Be aware of any underlying factors that increase risks in a cold environment, 
such as medical problems like Raynaud’s syndrome or diabetes, substance 
intakes like medication, alcohol or drugs that can decrease peripheral perfusion, 
individual’s characteristic like age and sex;

• Bring spare dry clothes, mostly for the peripheral members (e.g., socks, 
mitts);

• Bring chemical or electric hand and foot warmers;

• Locate shelters during the activity if needed;

• Maintain hydration and energy needs. Exercise is a great way to produce heat, 
but the energy and hydration needs will increase too;

• Be careful of moisture from perspiration or activities in the snow; wet clothes 
increase heat loss;

• Minimize blood flow restriction such as tight clothing or footwear, backpack, 
and hiking carriers for babies;

• Verify regularly for pain/cold discomfort and numbness or venous return if 
possible.

2.2 Physiological responses to a heat environment

Physiological responses to high temperatures have the same goal as the cold 
environment: keep a body temperature balance inside the vital range. Similarly to 
cold temperature, when the core temperature increase the blood activate signals to 
the hypothalamus. These signals activate sweat glands in order to increase evapo-
ration and vasodilation in the skin blood vessels to increase heat loss and regulate 
core temperature for homeostasis. Similarly to cold temperature, responses can 
be different from one individual to another regarding various characteristics such 
as ethnicity, sex or age. Furthermore, due to the changes in the blood flow by 
peripheral vasodilatation for sweating and the increase of cardiac output, medica-
tion uptake can affect the thermoregulation responses and increase hyperthermia 
risks. Another response to a warm environment is an increase in heart rate at rest 
and during exercise. People at risk using medication that affects cardiovascular 
parameters need to be supervised closely and carefully.

2.2.1 Hydration and guidelines in a hot environment

The thermoregulation needed in a hot environment increases metabolism and 
sweat, while hydration and energy/mineral uptake can be a challenge due to this 
higher need [13, 29, 30]. Some guidelines in occupational health propose to drink 
around 0.23-0.25 L of cold water every 15-20 min [31]. Other authors are more 
precise like the US Army table, in which water intake is adapted according to the 
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following factors: temperature, activity intensity and duration. The guidelines 
vary from 3.8 cups/hour at over 90°F WBGT (wet-bulb globe temperature index) 
for 10 min of hard work (600 W) to 1.9 cup/hour for an unlimited time at easy 
work (250 W) at 78-81.9°F WBGT [32]. Nonetheless the guidelines you follow, 
drink content should also be taken into consideration due to risks of hyponatre-
mia. Plasma sodium can rapidly drop below 130 mmol/L during high-intensity 
exercise in a hot environment. It is for this reason, the ACSM recommends to drink 
during exercise over 2% of body weight loss from water deficit and after exercise 
consuming meals, snacks and beverages with sodium to help the recovery [33]. 
To help you plan the need of hydration, occupational health Institution, like the 
IRSST (Institut de recherche Robert-Sauvé en Santé Sécurité au Travail) proposed 
calculators in their website to plan rest, activities, hydration and other recom-
mendations to reduce risks in a hot environment. It should be noted that these 
recommendations are specific to workers, thus, they may not be appropriate for all 
outdoor activities.

2.2.2 Acclimation in a hot environment

Acclimation to heat at exercise can be done with different varieties of fre-
quency, intensity, duration, and environmental temperature. Adaptation time 
varies between 4 and 14 days [34–36]. This acclimation needs to be maintained 
to keep performance capacities (submaximal performance, VO2max and power). 
The acclimatization induced a higher and more sustained (decrease sodium and 
chloride concentrations) sweat rate when needed and improve thermal comfort 
[30, 34]. Also, the physiological acclimation from repeated exposure to heat 
induces an increase in sweating and skin blood flow responses, a plasma volume 
extension, a better fluid balance, better cardiovascular stability (a lowered 
heart rate but higher stoke volume to induce a better sustained cardiac output 
and blood pressure), and a lower metabolic rate [30, 34]. All these acclimations 
help sustain activities in heat environment with a better tolerance, a lesser need 
for minerals and better sweat evaporation. These acclimations can stay up to a 
month [37].

2.2.3 Individual factors that can influence thermoregulation in a hot environment

Like the cold environment (Figure 2), individual characteristics can play a 
role in the thermoregulation response. The sex will contribute to some variations. 
Women will have a body temperature that will fluctuate about 0.5-0.8°Celsius 
during her menstruation cycle, and the progesterone and estrogen levels with oral 
contraceptives can influence the thermoregulatory control of skin blood flow and 
body temperature during physical activity and rest [27]. Furthermore, women have 
lower sweating rates than men for the same heat loss demand (metabolic demand 
and environmental temperature) at high temperature (40°Celsius) [38]. Finally, 
age, genetic and % body fat can influence the thermoregulation in a heated envi-
ronment for a similar reason as explain for cold exposure. It is for this reason; the 
individual’s characteristics need to be taken into consideration during the outdoor 
activity preparation.

2.2.4 Prevention and intervention tips

Heat environment should be avoided if possible. If the context is impossible to 
control, it is essential to prepare consequently by having enough water and heat 
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acclimatize to the participant in the outdoor activity. Do not forget that thermal 
stress relies on multiple factors such as sex, age, ethnicity, anthropometry, sub-
stance intake, and health history.

Hyperthermia and other heat-related illnesses can have important consequences, 
from heat, cramps to heatstroke. The Wilderness Medical Society provided some 
simple guidelines in heat environment [39]:

• Be aware of any underlying factors that increase risks in heat environment, 
such as medical problems high blood pressure, substance intakes like medica-
tion (beta-blockers, amphetamines…), alcohol or drugs, individual’s charac-
teristic like age and sex;

Figure 2. 
Summary of physiological responses to thermoregulation during acute and repeated exposures (cold and hot 
environment).
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• Bring enough water or plan where to refill your bottle, hydrate before during 
and after the activity, the hydration status is an high-risk factor;

• Promote acclimatization: 8 days, 1-2 h per day heat exposure and  regular 
physical activity before the outdoor event if it plans to be in a heated 
environment;

• Use WBGT (wet-bulb globe temperature index) temperature to assess the heat 
risks;

• Wearing the right clothing for the right temperature.

3. Altitude and physiological responses

The challenge to climb high mountains and enjoy the view from the summit 
is probably an outdoor activity goal for many hikers. Altitude environment could 
drastically challenge human physiology, where appetite, sleep, cardiorespiratory 
responses and metabolism are affected. Some physiological responses can be 
affected as low as 1000 m above sea level (a.s.l.) and begin to decrease performance 
around 2000 m a.s.l. [40]. During hiking ascent, the barometric pressure decreases 
and the partial pressure of oxygen (PO2) in the arterial from the cardiorespiratory 
system too. This lower pressure affects the O2 diffusion between alveoli and the 
arterial blood, and between the arterial blood with the tissues like the muscles. This 
lower oxygen diffusion in blood arteries and consequently, a decrease of oxygen 
saturation can be monitored with a pulse oximeter device. An immediate adjust-
ment during the initial rise will be the activation by chemoreceptor in the aortic 
arch and carotid arteries, stimulated by hypoxia (low PO2), inducing a ventilation 
increase to compensate [41, 42]. A few hours later, plasma volume decreases fre-
quently due to water loss through ventilation and increase of urine production [43]. 
This change increases the hemoglobin concentration in the blood flow, increasing 
the oxygen exchanges to the muscles. After a few hours in altitude, the erythropoi-
etin (EPO) will increase the release by the renal system. The EPO regulates the red 
blood cell production and increases the blood hemoglobin concentration further. 
Also, the cardiac output (the function of the heart rate X stroke volume) will 
increase during rest and exercise; due to the plasma decrease (decrease of cardiac 
stroke volume). The heart rate will disproportionately increase [43, 44]. This 
increasing cardiac output, consequently, increases the blood pressure, and people 
at risks should be monitored for safety. The amount of fluid loss can be a challenge 
to stay hydrated during ascent; a general rule is to consume at least 3 L of fluid by 
day in high altitude [7]. The physiological responses to altitude and susceptibility to 
altitude illness vary between individual, this explains why monitoring often during 
rising will help you to recognize normal responses to abnormal responses.

Between 1850 m and 5895 m, some people (22-77% of travelers) can experience 
acute mountain sickness (AMS) [43]. This sickness includes headaches with one 
or more of the following symptoms: vomiting, lethargy, nausea, loss of appetite, 
insomnia but with a normal mental status [40, 43]. Usually, around 80% of indi-
viduals experiencing AMS will resolve their symptoms when stopping ascension and 
resting at the current altitude for 2-7 days [45]. Be aware, more severe altitude illness 
can occur and can be fatal if not treated in time, like the High-Altitude Cerebral 
Edema or the High-Altitude Pulmonary edema, where monitoring your group is 
vital for their safety.
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3.1  Physiological response acclimatization and risk during a long expedition  
in altitude

Human physiology responses acclimate to altitude exposure from a few days 
to weeks. Some changes help humans to perform at high altitude. These physi-
ological changes should, theoretically, improve O2 transport to the active muscles 
during exercise, and it is why athlete use altitude training acclimatization to 
improve their performance [42, 46]. However, some individuals can be affected 
differently during the acclimatization period when exercising. The maximal 
aerobic capacity decreases in altitude and by consequence, the exercise intensity 
will need to decrease too at the beginning of the acclimatization process. Basal 
metabolic rate will increase, but appetite decreases, which can lead to a daily 
energy deficit that can affect exercise tolerance and, during long expeditions, 
muscle mass loss [7, 40, 47]. Furthermore, many individuals experience sleep 
disturbances and/or sleep apnea; the hypoxia can induce central sleep apnea and 
affect people at risk of cardiovascular disease [41, 48]. Moreover, sleep is impor-
tant to recover and perform hiking during the long ascent and can affect the time 
and performance during long expedition in altitude. Finally, after 4-6 weeks at 
high elevation, climbers can experience a decrease in total mass area, a capillary 
density decrease, mitochondrial dysfunction and a decrease in glycolytic activity, 
which can impact their capacities [40, 44]. However, some other acclimatization 
will help exercise tolerance after a few days to some weeks, depending on indi-
viduals [42, 49]. Cardiac output and peripheric blood flow will return to normal, 
reducing cardiac work and improving the diffusion time for oxygen extraction by 
tissues [49]. Also, continuous residence in altitude improves exercise tolerance 
compared to initial exposition [42].

3.2 Prevention and intervention tips

Hiking in altitude environment can be a beautiful outdoor recreational activity 
with great landscape pictures opportunities. However, preparing this kind of activity 
will need to consider long periods of rest and acclimatization and regularly to monitor 
your group.

Altitude is a challenging environment and can have consequences, from mild 
headaches to fatal altitude illness. The scientific literature provides some simple 
guidelines to prevent altitude illness [42, 43, 50]:

• Prepare a slow and gradual ascent, a general recommendation is a daily ascent 
around 500 m altitude gain including a night’s sleep, with an extra acclimatiza-
tion day every 1000 m;

• Using Acetazolamide or Dexamethasone can prevent AMS, but can have side 
effects and have limits to considerate;

• The descent is the best treatment for acute altitude illness, prepare plans if 
some people need to return at normobaric environment quickly;

• Use different tools to assess and monitor your group: Lake Louise AMS score 
[51] and pulse oximeter devices;

• If you can provide repeated exposure to hypoxia (normobaric or hypobaric) 
before your excursion or spending a week at moderate altitude (2200 m-3000 m) 
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before exposure to high altitude, this can improve exercise tolerance and decrease 
risks of AMS;

• Plan enough water and food, knowing that altitude will increase your needs.

4. Workload, sleep and recovery process

4.1 Physiological risk to load

Outdoor activity can be a repetitive action like walking for hikers or rowing 
for canoes. Repetitive movement for a long period of time increases the risk of 
musculoskeletal injuries [52]. Musculoskeletal injuries are multifactorial; some 
authors have proposed underling hypotheses [53]. During repetitive motion 
some motor units in the muscles are recruited continuously, they are called the 
Cinderella fibers, increasing risks of injuries by a sustained contraction for a long 
period of time [52–54]. Other mechanisms like neural pathomechanisms, reperfu-
sion injures, impaired heat shock responses and mitochondrial damages was also 
proposed to explain musculoskeletal injuries in repetitive workload (Forbes 2002). 
Rest and changing the activity (movement) can help to reduce the risks, ergonomic 
papers propose to plan sufficient rest to avoid injuries [55]. It is for this reason; rest 
time and recovery need to be planned for this kind of activity. Even if it can be dif-
ficult to use occupational health guidelines for rest, outdoor activities should plan 
regularly rest time and changing movement if possible in order to avoid musculo-
skeletal injuries.

4.2 Hiking workload

Hiking energy cost will depend on many factors such as the load, the slope, 
the environmental conditions, the surfaces, the clothing and footwear and the 
individual capacities. Walking velocity has an impact on energy expenditure and 
fatigue; individuals have their own threshold where running would be more cost-
effective than walking and will naturally shift from walking to running when it is 
more cost-efficient. This speed is usually around 7 km/h [56]. The slope impact on 
this energy cost was introduced as a concept of mechanical efficiency by Margaria 
[57]. This means you will need to assess your group to find the more effective speed 
or separate your group in subgroups consequently.

Furthermore, the physical workload can be planned to prevent fatigue. Usually, 
occupational studies recommend (eight hours a day, all week) that physical 
demands should be in a range of 33-50% of VO2max. However, backpack weight, 
altitude, temperature, and distances to travel during hiking expeditions can easily 
overtake this guideline. It is for this reason, allow enough rest period, assess the 
group mood and perception. The backpack choice (padded hip belt, size, fitting on 
the shoulder…) and load weight and his distribution are factors that can influence 
your participant’s risks relative to their capacity [58]. Among the risks, dorsal back 
pain, knee pain, rucksack paralysis, stress fractures, low back injuries, metatarsal-
gia and foot blisters were reported in the literature [58, 59]. The hip belt suggests a 
more natural movement and stability at the hip, but factors like walking velocity, 
body weight and posture, hip-belt size, distribution and weight of the load in a 
backpack in the function of the participant center of mass position can affect the 
hip belt [59]. Furthermore, shifting load from shoulder to hip decrease discomfort 
and decrease load impact on the spine by decreasing risks of low back pain or injury 
[60]. Another reason to be careful with the shoulder forces is the macrovascular 
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and microvascular hemodynamic that can be compromised and lead to neurological 
dysfunction and probably a loss of hands fine motor control [61] and consequently 
possibly increase frostbite risk in cold environment.

4.3 Physiological responses during sleep and recovery

Fatigue means different things for different individuals. In sports medicine, 
fatigue is often quantified by a decrement in muscular performance to produce 
force with/or perception of tiredness or pain [62–64]. Many factors can contribute 
to fatigue such as the intensity, the duration and the nature of the activity, the sex 
and individual capacities, but also the equipment used [62–64]. Rest induces physi-
ological changes after exercise to improve physical capacities, however; improper 
recovery may cause residual fatigue, where systematic, can cause overload and 
increase injury risks, overtraining syndrome or decrease physical performance [65]. 
Fatigue is often separate as peripheric fatigue, from the muscle capacity (i.e., energy 
production, contractile mechanism) and central fatigue, from the central nervous 
system [65]. To reduce risk, plan your activity intensity progressively and according 
to the individuals or group capacity. If possible, plans an outdoor training before a 
longer expedition to build higher capacity and decrease the rest needed to recover.

Quality of sleep can be impacted by outdoor environments like altitude and 
temperature. Furthermore, altitude can cause central sleep apnea, insomnia, 
pulmonary or brain edema during sleep [66]. Sleep deprivation can impact your 
outdoor activities by a decrease of capacities, fatigue perception and even bad 
mood [66, 67]. However, the natural environment can also increase sleep quality 
for some individuals due to the light pollution and the physical activity (melatonin 
regulation). Light pollution and lack of exposition to natural light can impact 
sleep circadian rhythm [68]. The natural environment exposure can influence 
sleep quality positively by regulating melatonin secretion, reducing artificial light 
exposure, promoting exercise and reduce some city noises [69].

4.4 Prevention and intervention tips

Load and repetitive movements can increase musculoskeletal injuries risks. The 
scientific literature provides some simple guidelines to prevent some risks [54, 63]:

• Decrease the load as much as possible and increase physiological capacity 
before a long hiking journey;

• Plan many rest breaks during your activity;

• Change activity or movement if possible after repetitive tasks like walking or 
canoeing.

5. Nautical activities and physiological responses

5.1 Water safety

Marine activities can be an outdoor activity with some specific risks to avoid. 
Epidemiology articles have examined some typical injuries for different nautical 
sports. Twenty six percent of injuries from wakeboarding involved the head, back and 
ribs [70], and surfing and water skiing reported many cases of craniomaxillofacial 
laceration [71]. These injuries are only some example of dangers beyond drowning.
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Water safety and aquatic recreation precaution are not always well understood. 
Moran and Ferner [72] reported that New Zealand residents and tourist surfers had a 
poor understanding of rip current (powerful and narrow channels, seaward flowing 
current along gulf, coast, beach and lakes), which is that can frequently occurring 
hazard. Rip current are also responsible of rescues and drowning with many swim-
mers, where public education and awareness strategies need to be implement in your 
activity preparation [73]. Lack of awareness of alcohol consumption and downing 
risk was also reported as a major safety problem in aquatic activities [74, 75]. From 
fatal and non-fatal drowning, an average of 49.5% and 34.9% respectively involved 
alcohol consumption [74]. This lack of understanding and knowledge dangers can 
also arise from marine envenomation, where tourists are often not aware of venomous 
creatures like starfish, sea urchins and stingrays [76]. These can also include infec-
tious water area, where pathogens can contaminate the swimmer, surfer, or another 
nautical activity practitioner. One of these infectious diseases contracted in water 
is the Legionellosis disease, a severe bacterial infection with similar symptoms of 
pneumonia; this pathogen can be found in freshwater, natural water or artificial water 
and some cases were reported in Greece among hotels [76]. Finally, decompression 
illness (DCI) is probably the most common risk for an unexperimented diver. During 
DCI, microbubbles are formed by the nitrogen during an inadequate decompression 
in tissues and intravascular, damaging blood vessel (including pulmonary circula-
tion), distorting tissues and initiate inflammatory response [76, 77]. Most of these 
risks are the result of lack of knowledge and/or awareness and could be prevented by a 
proper preparation: wearing the appropriate safety equipment, all practitioner should 
have proper training and education of the activity and the environment and having 
adequate communication tools for emergency situation.

5.2 Seasickness

Seasickness is a form of motion sickness, a common physiological response to 
unnatural motion stimuli where the vestibular system (semi-circular canals and 
otoliths) information from linear (mostly vertical) or angular acceleration of the head 
mismatching the eyes signals [78, 79]. This conflict can cause nausea, vomiting, cold 
sweating, pallor, dizziness, drowsiness and headache [80]. Seasickness can affect up 
to 25% of passengers on a large ship and will increase with a smaller boat and bad 
weather conditions [81]. Individual difference susceptibility can be difficult to predict 
who will have seasickness. However, a questionnaire the Motion sickness susceptibility 
questionnaire (MSSQ ) and the short MSSQ can help to identify some people that could 
be susceptible to seasickness [82]. Furthermore, children aged 6-12 years old, women 
and lack of sleep can contribute to higher susceptibility to seasickness [81–83].

Exposure to motion environment (water) can gradually help prevent motion 
sickness. Accordingly, a few (1-3) days on a boat is usually enough to acclimatize 
depending on the individual [80, 81, 84]. The following recommendations [84] 
should help if you have an individual in your group with seasickness:

• Ask the passenger(s) with seasickness to look forward at a fixed point on the 
horizon and not close their eyes;

• If possible, gradually increase the number of motion stimuli, start the travel in 
calm waters;

• The passengers with seasickness should avoid close work (cooking, read inside, 
looking at computer…), avoid space without the horizon view, avoid alcoholic 
drink, and an empty stomach (eat before traveling);
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• If the passage can actively synchronize the body with the motion;

• The passenger with seasickness should change their mind, like listen to music;

• Use a motion sickness susceptibility questionnaire to plan your activity in 
consequence; for example, people susceptible to seasickness could take medi-
cation, like scopolamine, before traveling combine to behavioral strategies 
(above).

6. Conclusion and future research

Outdoor activities need some preparation to decrease risks for the participants. 
Knowledge of physiological responses may help better understand the principal 
preparation tasks and risks that can occur during outdoor activities. However, 
some physiological mechanisms remain unknown, and some are controversial, 
thus, more research is needed to fully understand human physiology in an outdoor 
environment and propose better prevention tools and guidelines. Furthermore, 
there is evidence to suggest that natural environment activities are associated with 
health benefits, but the mechanisms still not fully understood [85].

One of these health benefits is that outdoor activities can increase physical 
activity time [85–87], that can help decrease cardiovascular disease, metabolic 
complications and some cancer risks and improve physical capacity [88]. In a 
society where physical inactivity and sedentarily time is a major health problem, 
like sitting at a desk for long hours, outdoor recreative activities can be beneficial 
even for a short bout like walking in a park during breaks [88–90]. Furthermore, 
several studies have observed the positive effects of nature on health, stress and 
recovery [85–87]. This exposure to nature, even from a picture, could promote 
recovery and restore stress levels [91]. To conclude, all these benefits can help 
society and promote outdoor activities and green spaces. Also, further research is 
needed to better understand the underlying pathways of these benefits. Moreover, 
specific guidelines for the outdoor reality are needed in order to provide tools for 
outdoor professionals.
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