Physiological Demands and Preparation for Altitude: A Guide for a Recreational Female Athlete Climbing Mount Kilimanjaro

Abstract
This assignment focuses on the physiological demands and preparations required for a recreational female athlete climbing Mount Kilimanjaro. It explores the physiological challenges that may be experienced due to altitude and how to mitigate these with adequate acclimatization tactics. An outline of nutritional and fitness training recommendations has been discussed, with the goal of providing an understanding of the physical requirements and preparations necessary for a safe and successful accent.

Introduction
[bookmark: _Hlk158025408][bookmark: _Hlk158025299][bookmark: _Hlk158115555]Kilimanjaro is the highest free-standing mountain in the world and one of the highest volcanos (Stewart, 2018). Kilimanjaro has three volcanic cones: Kibo, the highest peak, which was measured in 2014, at 5,892 m; Mawenzi at 5,149 m and Shira, which is the lowest cone, at 4,005 m (Stewart, 2018). Kilimanjaro is not technically a difficult climb, with good access, clear and dry weather during the dry seasons and routes that are not overly technical (Stewart, 2018). The main physiological demand that needs to be considered with this climb, is altitude (Hofmeyr, Tölken and Decker, 2017). Altitude above 2500 m can lead to health issues, such as: Mountain sickness, hypoxia, insomnia, reduced coordination, and a reduction in physical performance (Hofmeyr, Tölken and Decker, 2017). In more serious cases: Acute Mountain sickness (AMS), high altitude cerebral oedema (HACE) and high-altitude pulmonary oedema (HAPE), can develop (Hofmeyr, Tölken and Decker, 2017). 
Preparations prior to hiking at altitude are necessary to maximise performance and safety (Viscor, Corominas and Carceller, 2023). Cardiovascular fitness must be good to ensure that maximal oxygen consumption is at a level high enough to cope with the effects of hypoxia, and Skeletal muscle mass must be good to effectively allow for the possibility of muscle wastage (Viscor, Corominas and Carceller, 2023). Energy requirements will need to be adjusted to compensate for altitude and support the physiological stress involved with hiking and this must be planned out to ensure the correct nutritional requirements are met with consideration to macros and nutrients (Viscor, Corominas and Carceller, 2023). Female mountaineers should also consider the sex specific physiological differences between men and women’s response to altitude (Burtscher, 2023). A longer acclimatization period may be necessary, and a lower accent may be safer resulting in an overall more pleasant experience (Burtscher, 2023). If these preparations and considerations are met, then a recreational female athlete should be able to experience a safe and successful expedition to the summit of Mount Kilimanjaro.

Effects of Altitude on the Body
Oxygen availability and acclimatization is something that must be well considered before attempting a climb at altitude (Forrer, et at. 2023). When altitude exceeds 2500 m the atmospheric pressure in oxygen drops resulting in a reduction in inspired air (Moore, 2017). This can prove to be challenging unless acclimatation to altitude has occurred (Forrer, et at. 2023). Altitude illnesses caused by tissue hypoxia and oedema are often a result of ascending altitude to quickly (Zubieta-Calleja and Zubieta-DeUrioste, 2023) This happens because of a complicated interaction between changes in pressure caused by lack of oxygen affecting blood vessels, and increased capillary permeability by the release of agents like vascular endothelial growth factor and hypoxia-inducible factor 1-alpha (Hofmeyr, Tölken and Decker, 2017).

Hypoxia
[bookmark: _Hlk158036973] Hypoxia is a fall in the amount of oxygen in the tissue, and the body’s first response to this is an elevation in respiratory reaction which is initiated by the receptors in the carotid body (Khodaee, et al. 2016). The body tries to maintain homeostasis by increasing sympathetic activit; an increase in heart rate, cardiac output and blood pressure occur, resulting in acclimatization over time (Khodaee, et al. 2016). Acclimatization of 2 days or more is necessary to ensure that O2 can be efficiently transported from the air into the lungs and heart and circulated via the blood to various organs and tissues in the body (Moore, 2017). Sufficient oxygen is needed for the mitochondria to generated ATP; Producing much needed energy for the body (More, 2017). During chronic exposure to high altitude, hypoxia stimulates erythropoiesis, which increases haemoglobin concentration in an attempt to increase oxygen and maintain homeostasis (Burtscher, Millet and Burtscher, 2022).

Acute mountain sickness
[bookmark: _Hlk158113346]AMS often presents itself with a variety of nonspecific symptoms that begin when progressing past an altitude of 2,500 m, with a delay of roughly 4 – 12 hours (Luks, Swenson and Bärtsch, 2017). These symptoms generally consist of: Headaches, nausea, vomiting, dizziness, fatigue, loss of appetite and insomnia. However, headaches are a key symptom in the diagnosis (Luks, Swenson and Bärtsch, 2017). In unfortunate cases, AMS can progress to HACE, which is a far more serious condition, and can result in death if not treated appropriately (Luks, Swenson and Bärtsch, 2017).  

HACE
[bookmark: _Hlk158041991]The organ that relies most on oxygen, is the brain (Ke, Wang and Xiao, 2017). During high altitude the pressure of arterial oxygen is low and cerebral vasodilation will occur increasing cerebral blood flow; However, a fall in arterial carbon dioxide caused by induced hyperventilation can result in cerebral vasoconstriction, causing the blood flow to decrease                 It has been demonstrated that the low pressure of arterial oxygen to arterial carbon dioxide explains 40% of the increase of cerebral blood flow when reaching high altitude (Ke, Wang and Xiao, 2017). If oxygen is supplied, then vasodilation and increased cerebral blood flow decreases suggesting that this effect was a result of altitude induced hypoxia (Ke, Wang and Xiao, 2017). Profound hypoxemia can be experienced by climbers at high altitude and can be the cause of HACE, which is one of the leading causes of deaths when climbing above 8000 m. This condition can occur due to climbers ascending altitude to quickly without adequate acclimatization, leading to swelling of fluid in the brain (Ke, Wang and Xiao, 2017).

HAPE
[bookmark: _Hlk158376535]A high-altitude illness characterised by coughing with blood-tinged sputum and the inability for physical exertion (Swenson, 2020). Again, caused by the low pressure at altitude this illness presents itself with an increase in the resistance of blood vessels in the lungs or constriction of the vessels due to low oxygen levels which can result in higher microvascular pressure (Swenson, 2020). This increased pressure leads to changes in how easily substances can pass through the walls of the alveoli, causing a type of lung swelling with high permeability but without inflammation. Research has indicated that the reduction of nitric acid released and increased levels of endothelin may be the cause of acute hypoxic pulmonary vasoconstriction in people who are pre-disposed to HAPE (Swenson, 2020).
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Acclimatization and preparation
Most altitude induces illness can be prevented at altitudes under 6000 m, through careful consideration and planning: Ensuring a good level of fitness has been gained prior  to accent, and having the correct protective equipment is vital; adequate hydration and calorie intake being maintained throughout the climb and that time for acclimatization has been made is also necessary in avoiding the adverse effects from altitude (Hofmeyr, Tölken and Decker, 2017).
Nutrition
[bookmark: _Hlk158128513]Nutritional planning is an important preparation when climbing at altitude. Many people lose their appetite and weight loss can occur if energy intake is not sufficient, leading to deficiencies and dehydration (Karpęcka-Gałka, et al. 2023). Insufficient intake of carbohydrates during long-lasting physical activities can lead to low blood sugar levels, reduced glycogen stores, and muscle tiredness. Conversely, a lack of energy and protein intake, causing a decrease in lean muscle mass, can negatively impact aerobic performance, muscle strength, and immune function (Karpęcka-Gałka, et al. 2023).


Macros and Iron
[bookmark: _Hlk158299392] There is currently no bibliography available for recommendations on macro and macronutrient needs at altitude, although evidence does suggest that for an athlete training at altitude an increase of carbohydrates up to 80% may be needed (Viscor, Corominas and Carceller, 2023). This it due to the changes in the utilisation of carbohydrates and to maintain physical performance, recovery and immune activation; 30 – 70 g of carbohydrates per kg of body weigh per hour is an ideal target (Viscor, Corominas and Carceller, 2023). Considering appetite is supressed at altitude, choosing foods that are nutrient rich, high calorie dense and palatable is ideal (Viscor, Corominas and Carceller, 2023). Sports gels would be ideal in very cold temperatures as these do not freeze and tend to be gastrointestinal tolerable by most people (Viscor, Corominas and Carceller, 2023). A protein intake of 1.3g per kg of body weight is considered efficient for maintaining protein synthesis; protein that is high quality, containing EAAs, particularly Lucine are favourable (Viscor, Corominas and Carceller, 2023). Fats are best consumed in natural form, such as animal protein, nuts and unsaturated oils to help with gastrointestinal tolerance (Viscor, Corominas and Carceller, 2023).
There is no evidence to suggest that iron supplements are beneficial at altitude; However, due to erythropoiesis that occurs at altitude it is beneficial to assure that iron stores are fully replenished beforehand (Viscor, Corominas and Carceller, 2023).

Hydration
[bookmark: _Hlk158381524]Mountaineers are at an increased risk from lack of adequate hydration due to increased water loss from changes in ventilation, sweat loss and an increase in urinary loss at altitude           (Pedlar, et al. 2015). Hydration needs must be tailored to individuals; However, a recommendation of 400-800 ml per hour with added electrolytes should be considered (Pedlar, et al. 2015).          
Frostbite can be avoided through maintaining adequate hydration levels at altitude (Armstrong, 2020). Consuming warm drinks such as herbal teas are advisable to prevent hypothermia (Tan, PMS and Lee 2015)

Cardiorespiratory fitness
Cardiorespiratory fitness is necessary for ensuring adequate performance and avoiding exhaustion when hiking at altitude (Viscor, Corominas and Carceller, 2023).                  Maximal oxygen uptake (vo2 max) decreases by 1.5 -3.5 % at every 300 m, when climbing above 1500 m (Viscor, Corominas and Carceller, 2023). For this reason, a minimal level of vo2 max is essential when climbing at high altitude, with higher levels offering a more pleasant experience (Viscor, Corominas and Carceller, 2023). People considering expeditions should prepare by improving fitness levels, following fitness programs that include a focus on improving vo2 max. (Viscor, Corominas and Carceller, 2023). Exercise capacity can be assessed prior to travel by monitoring heart rate, blood lactate, arterial oxygen saturation and perceived rate of exertion (Viscor, Corominas and Carceller, 2023).

Muscular fitness
[bookmark: _Hlk158368561]Building a good level of muscular fitness and strength is advisable prior to travel          (Lemieux and Birot, 2021). Hypoxia can have a negative effect of muscle protein synthesis, causing muscle wastage and this is not always possible to mitigate through nutritional strategies (Lemieux and Birot, 2021). If muscle mass is preserved, then strength and power is not necessarily affected and so logic suggests that a higher volume of muscle mass prior to accent to altitude is strongly advisable. 

Differences between sexes at high altitude
[bookmark: _Hlk158378562]Notable differences in the response to hypoxia have been recorded between sex’s and recommendations for women climbing at altitude may differ from those for men (Burtscher, 2023). Hormone fluctuations due to the menstrual cycle and menopause, that effect exercise metabolism may be a contributing factor to this (Burtscher, 2023). Women can experience AMS at an increased rate to men and this is believed to be because women can initially become more hypoxemic at altitude; possible due to a lower peripheral oxygen saturation during the first 2.5 hours and even further exaggerated during exercise (Burtscher, 2023). Female mountaineers should possible consider acclimatising for longer than male mountaineers’ (Burtscher, 2023). This can be done by ascending slowly, no more than 300 – 600m in 24 hours once above 3000m (Mbonile, 2018). It is also recommended that sleeping altitude does not increase more than 300-500 m per day and that every 1,000 m ascent, a rest day is had (Hofmeyr, Tölken and Decker, 2017). 

Conclusion
In conclusion, preparation, and careful considerations of the physiological demands for a female recreational athlete, climbing Kilimanjaro should be made. This should help to ensure the safety and success of the expedition. Climbing at altitude poses risks due to hypoxia, such as acute mountain sickness, high altitude cerebral oedema and high-altitude pulmonary oedema. Acclimatization, cardiovascular fitness, and nutrition must be planned to mitigate these risks. Understanding that there may be physiological differences in response to altitude when compared to male mountaineer companions may also be an advantage as more time to acclimatise may be necessary to maximise a female’s performance and safety throughout the accent.
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