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Abstract 
 

Objective: To identify internal risk factors (e.g., caffeine and alcohol consumption, weight, 

medications, and medical conditions) and intervention strategies for prevention of exertional 

heat-related illnesses in hikers.  

Methods: A systematic review was conducted using a predetermined list of MeSH headings to 

identify articles on exertional heat-related illnesses. CINHAL, MEDLINE, and PubMed 

databases were searched for articles published between 2009 and 2014. The studies were ranked 

using the Oxford Centre for Evidence-Based Medicine classification system. Studies were 

included if they had a level of evidence of 3 or higher or a grade of C or better. 

Results: The initial search resulted in a total of 330 articles. After the application of the 

exclusion criteria and analysis using the Oxford Centre for Evidence-Based Medicine 

classification system, 38 studies and guidelines remained. The studies and guidelines indicated 

that various medications and medical conditions affect sweat production, core temperature and 

can reduce the amount of water in the body. Internal factors increase potential for exertional 

heat-related illnesses: caffeine consumption, alcohol intake, and being overweight. In addition, 

heat acclimatization is necessary regardless of fitness level.  

Conclusion: To mitigate exertional heat-related illnesses related to medications, medical 

providers and dispensing pharmacists can assist patients with proper counseling regarding 

medications known to disrupt heat responses. Also, education of hikers about the effects of 

intermixing hiking activities with alcohol or caffeine may prevent or reduce the severity of 

exertional heat-related illnesses along with proper heat acclimatization.  
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Identification of Internal Risk Factors and Interventions to Prevent Exertional Heat Illnesses in 
Hikers: A Systematic Review 

 

In 2013, 49.4% of Americans participated in some type of outdoor recreation1 which is 

the second highest percentage in the past five years. With more people participating in outdoor 

activities like hiking, it is important for them to be educated on the risk factors and prevention 

strategies to ensure a safe outcome. Identification of risk factors is not part of a person’s usual 

preparation for a hike. However, hikers may be at risk for exertional heat illnesses (EHIs) 

associated with external risk factors, internal risk factors, or both.2 

External or extrinsic risk factors for EHIs are those associated with the environment such 

as clothing; equipment; intensity of the activity; high temperature, humidity, sun exposure, or a 

combination of these; imbalance between work and rest, presence of shade, and water intake 

quantities and electrolyte types.3 Internal or intrinsic risk factors for EHIs are those that are 

particular to the hiker such as level of alcohol or caffeine intake, heat acclimatization, weight, 

medications, and medical conditions.4 

Heat-related illnesses range from minor to severe, ranging from heat cramps to heat 

stroke. Exercise-associated heat cramps cause involuntary, painful movements (spasms) of the 

skeletal muscle, which occur during or immediately following physical activity.5 Possible causes 

include dehydration, electrolyte imbalance, neuromuscular fatigue or a combination of these. 

Heat syncope occurs when the blood vessels dilate in an effort to cool the body causing blood 

flow to the brain to be reduced.6 Exercise induced heat exhaustion occurs when the heat 

overwhelms the body and the natural mechanism of cooling (sweating) is unable keep up with 

demands, also from sodium loss (hyponatremia), decreased energy, and or dehydration.7 

Exertional heat stroke is defined as a core temperature of 104 degrees Fahrenheit or higher. The 

body’s temperature rises quickly and involves changes to the neurovascular system. This is 
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considered an emergency, which can be fatal if not treated promptly. The longer the person’s 

body temperature remains above 104 degrees Fahrenheit the greater risk of morbidity and 

mortality.6 

Exertional hyponatremia is an imbalance between water and salt, which leads to lower 

than normal sodium levels.8 Symptoms of hyponatremia can be minor such as headache, 

irritability, and nausea, or severe such as convulsions, confusion, and muscle weakness. The 

normal concentration of sodium in the blood is 135 to 145 mEq/L. A person may experience a 

decrease in plasma sodium concentration between 125 to 135 mEq/L without having symptoms. 

Neurological symptoms such as respiratory arrest, coma, and seizures may develop at levels 

below 120 mEq/L.  

The rate of incidence and severity of heat related illnesses increase as temperatures 

increases.9 In 2013, the Grand Canyon National Park had 703 emergency medical services 

incidents; 62 (8.8%) of those were heat related. According the 2013 Grand Canyon National 

Park, Branch of Emergency Services Annual Report10 the number of calls from hikers requesting 

assistance increased from 6.5 to 10.5 calls per 1000 hikers when temperatures exceed 95 degrees 

Fahrenheit, a 61.5% increase. From May to September the Grand Canyon averages 55 days of 95 

to 100 degrees Fahrenheit and 30 days of 100 degrees Fahrenheit or higher.  

The Centers for Disease Control (CDC) reported that approximately 2,480 people in the 

United States died from excessive heat exposure between 2006 and 2010.11 The highest rate of 

deaths related to heat illness over a 35-year period occurred between 2005 to 2009 despite 

advancements in prevention, identification, and treatment of heat-related illness.12 The Arizona 

Department of Health Services (ADHS) has reported that annually nearly 2,000 people seek 

emergency services for heat-related illness, and from 2000 to 2012, more than 1,500 deaths in 
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Arizona were related to heat illnesses.13 In the Grand Canyon, 474 nonfatal heat-related illness 

cases were reported between 2004 and 2009.14 

Cases of heat-related illness such as exertional hyponatremia have been reported among 

people participating in moderate exercise such as day hikes and short triathlons.15 Most research 

and medical literature, guidelines, and educational programs for the management of heat-related 

illnesses focus on the elderly, workers, student athletes, or endurance athletes.3, 16, 17 However, 

these studies typically do not describe the experience of hikers in depth.  

In reviewing existing web sites, handouts, and guidelines on exertional heat illness 

prevention for hikers the main focus was on external risk factors with little focus on internal risk 

factors. Reports commonly sight that environmental factors contributing to heat related illness, 

but rarely discuss internal risk factors such as medications that may have contributed.18 The 

purpose of this manuscript is to assist in the identification of internal risk factors and proper 

interventions to be used by hikers to prevent heat-related illnesses. This information may be used 

for revisions of existing educational materials, which focus heavily on external factors, leaving a 

crucial consideration unaddressed. Furthermore, the information obtained from this project can 

be applied to any outdoor exertional leisure activity.  

Methods 

This study is a systematic review of literature (i.e., case series, exploration or systematic 

literature reviews, and guidelines) published after 2009. With the addition of a few hand-

searched articles published prior to 2009 with data still generally accepted within this field of 

study. The search focused on six areas of internal risk factors: medications, caffeine 

consumption, alcohol intake, obesity, heat acclimatization, and medical conditions. Medical 

Subject Headings (MeSH) were used to search 3 electronic databases: CINAHL Complete, 

MEDLINE, and PubMed. Searching these terms in isolation yields enormous results. The search 
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strategy combined one of the following: internal risk factors, heat illness, exertional heat illness, 

heat exhaustion, heat stroke, heat syncope, hyperthermia with one of the following: medications, 

medical conditions, overweight, obesity, alcohol, caffeine, and acclimatization using Boolean 

operator ‘AND’. The studies selected for review included intervention studies, systematic 

reviews, guidelines. Study designs included were prospective, descriptive, randomized crossover, 

qualitative, and cohort.  

A search for the term heat-related illness in the Wilderness Medical Society database 

produced one practice guideline. This guideline focuses on recognition, prevention, and 

treatment of heat-related illness in the wilderness for medical providers.2 Sections within this 

guideline on internal and external risk factors are limited with general recommendations. The 

majority of the guideline focuses on the appropriate treatment options for heat-related illness in 

the field and hospital. 

Literature was excluded if it was published before 2009 or written in a language other 

than English. Results were also excluded if they clearly conveyed opinion or if the outcomes or 

recommendations were unclear. The database search was supplemented by a hand search through 

the references of the articles meeting the inclusion and exclusion criteria. The studies were 

ranked with the Oxford Centre for Evidence-Based Medicine classification system. Only studies 

with a level of evidence of 3 or higher or a grade of C or better were included. The reporting of 

the review followed the PRISMA Statement and checklists. 

Results 

The initial search resulted in a total of 330 potential articles, which decreased to 158 after 

excluding articles published before 2009 and those in a language other than English. An 

additional 20 articles were identified through manually searching references of articles. Fifty-two 

articles were retained after reviewing the abstracts to determine whether a specific intervention 
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was identified and tested. After analysis using the Centre for Evidence-Based Medicine 

classification system, 38 studies and guidelines remained.  

Medications 

The presence of medications in the body can affect one’s susceptibility to heat illness. 

Anticholinergic agents affect the body’s ability to perspire, resulting in decreased heat loss,19,  20 

Medication with a higher anticholinergic activity combined with histamine H1 antagonists, 

ganglionic blockers acting as nicotinic antagonists, tricyclic antidepressants, gastrointestinal and 

urinary antispasmodic medications, typical and atypical antipsychotic medications, 

bronchodilators, and anti-Parkinson anticholinergic medications decrease a person’s ability to 

sweat.19, 20, 21, 22, 23 Increasing serotonergic activity with serotonin 5-HT1B/1D receptor agonists and 

selective serotonin reuptake inhibitors can raise body temperature and potentially result in 

serotonin syndrome.20, 21 Loop and thiazide diuretics reduce peripheral blood flow, resulting in 

decreased heat dissipation and increased sensitivity to heat due to excessive loss of water.20, 22, 23 

Alpha and beta agonists and decongestants cause vasoconstriction of the cutaneous blood 

vessels, helping to retain heat within the body.20, 23 Central nervous system stimulants such as 

cocaine and amphetamines raise body temperature by interfering with the body’s ability to 

regulate temperature, and catecholamines induce vasoconstriction in the cutaneous blood vessels 

to conserve heat within the body.20, 21 If vasoconstriction, the inability to sweat, heat retention, or 

a combination of these scenarios exists, the body is unable to cool properly, increasing a person’s 

potential for a heat-related illness. For more specific medication names and details about those 

used in this paragraph, see the Table. 

Caffeine Consumption 

 Caffeine is an indirect sympathomimetic, which causes vasoconstriction and increased 

muscular activity from agitation—both of which elevate body temperature.24 Ingestion of 9 
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mg/kg of caffeine during 30 minutes of exercise raises body temperature without individuals 

knowing; longer periods of time may begin to show the effect as peripheral blood flow 

decreases, causing an increase in water loss and decreased heat dissipation.20, 22, 23, 25 The 

consumption of caffeine increases urine output and loss of sodium, chloride, and potassium.26 

Combining 6 mg of caffeine with a 6% carbohydrate-electrolyte solution increases core 

temperature.26 As an example of the deleterious effects of caffeine, firefighters wearing a fire-

protective ensemble and consuming 6 mg/kg of caffeine consumed more oxygen and had 

increased gastrointestinal temperature, resulting in greater physiological strain and placing the 

firefighters at increased risk of fatigue and illness.27 

Alcohol Intake 

Hydration status at the time of consumption determines alcohol’s effect on urine output. 

Consuming alcohol containing 4% ethanol blunts the diuretic effect in dehydrated individuals.28 

However, in euhydrated individuals, urine output is increased.28 Small doses of alcohol (0.5 

ml/kg) decrease endurance performance due to increased cardiovascular strain.29 Alcohol 

consumption significantly depresses the function of the myocardium, affecting left ventricular 

contractility.30 The American College of Sports Medicine (ACSM) recommends refraining from 

alcohol consumption at least 48 hours before exercise due to the effect on exercise performance, 

resulting in detrimental effects on the cardiac and skeletal muscle systems.31 

Obesity  

 Several studies have confirmed that obese and lean people have different outcomes in 

studies gauging body heat. Authors of a 1969 study,32 found that obese people had a higher core 

temperature performing the same activities when compared with lean people. Adults who are 

overweight or obese compared with adults of average weight have a 3.5 times higher rate of fatal 

heatstroke.33 This may be due to the lower thermal threshold to heat from the body’s heat sensing 
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and dissipating abilities not operating properly in this population.34 The US Army evaluated the 

incidence of heat-related illness in military recruits within the first 180 days of entering the 

military. They assessed their individual weight—categorized by whether they met the weight 

requirement or exceeded body fat standards—their 5-minute step test performance (pass or fail), 

and rates of heat-related illness.35 Those who both met the weight requirement and passed the 

step test had lower rates of heat-related illness than recruits who either failed the step test or did 

not meet the weight standard.35 Recruits who exceed the body fat standards had a 7.25% 

increased rate of heat-related illness compared with recruits who both passed the step test and 

met the weight standard.36  

Heat Acclimatization  

Hiking requires the activation of muscles to perform work, and in doing so the body 

produces heat. The author of a study in 2012,37 found that untrained individuals have lower 

movement efficiency, contributing to greater heat storage than trained persons. It is common to 

exercise in intervals of intensity. A sudden increase in intensity results in increased heat 

production and requires more time for heat dissipation.37 One researcher37 recorded higher rectal 

temperatures in people participating in intermittent exercise patterns, with greater rates of heat 

accumulation in the untrained with no prior heat acclimatization individuals compared to the 

trained athlete. Most heat dissipation occurs via evaporation; sweat, high humidity, dehydration, 

or a combination of these can affect evaporation rates.38 To achieve a reduction in heart rate, 

typically adults need to acclimatize 3 to 6 days.39 Proper heat acclimatization aids in plasma 

volume increase, resulting in cardiovascular stability at a lower heart rate with increased stroke 

volume.40  

Medical Conditions 

 The risk of heat-related illnesses is compounded by diabetes mellitus, cardiovascular 
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disease,  or respiratory disease.41 The rate of hospital admissions during heat waves is 30% 

greater for those with type 1 or type 2 diabetes mellitus, potentially due to delayed blood vessel 

dilation in the skin which results in decreased heat dissipation.42 In another study,43 participants 

with hypertension were found to have impaired heat transfer between the body core and skin 

compared with participants with normotension; this impairment resulted in hyperthermia in some 

instances. Meta-analysis findings indicated that people with respiratory diseases are at a greater 

risk of death during heat waves.44  

Regarding the 3,442 deaths related to extreme heat exposure in the United States between 

1999 and 2003, underlying causes were cardiovascular disease (67%), infection or psychiatric 

disorders (11%), endocrine, nutritional, or metabolic disease (3%), and other conditions with less 

than 3% being digestive, neurovascular, immunity, genitourinary disease, or neoplasms.45 Renal 

and neurologic diseases can affect heat response. When blood flow in the renal system is 

decreased, the renin-angiotensin system responds by constricting the renal efferent tubules, 

which triggers antidiuretic hormone (ADH) secretion.46 ADH causes the kidneys to decrease 

sodium excretion as a result of sodium lost in sweat.46 Heat can aggravate neurological 

conditions such as multiple sclerosis and can increase cerebrovascular accidents due to increased 

blood viscosity.46  

Discussion 

 Exertional heat-related illness reflects the human body’s maladaptation to high humidity, 

ambient temperature, or both. Various forms of heat-related illness exist; however, the most 

severe is heat stroke, affecting the nervous system and potentially affecting multiple organs. 

Aside from environmental heat exposure, other factors contribute to heat-related illness. The 

presence of high environment temperature or physical activity—which both increase metabolic 

heat production—and a combination of certain medications, alcohol, caffeine, obesity, heat 
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acclimatization, and certain medical conditions can increase the potential for heat-related illness. 

Medications can impair thermoregulation by decreasing peripheral blood flow, increasing 

water loss, inhibiting sweating, or raising body temperature. To mitigate heat-related illness 

related to medications, medical providers and dispensing pharmacists can assist patients with 

proper counseling about medications known to disrupt heat responses. Hikers can also benefit 

from limiting alcohol consumption to low-alcohol beverages and stopping 48 hours before their 

hike. Hikers should be cautioned to avoid caffeinated beverages due to associated increased 

physiological strain, elevation in body temperature, decreased peripheral blood flow, increased 

water loss, increased urination, and sodium loss. 

Low fitness level, obesity, or both can increase a person’s risk of heat-related illness, 

necessitating evaluation by a health care professional before participating in activities such as 

hiking. People who are overweight produce more internal body heat, increasing their risk of heat-

related illness. Special considerations for hikers who are overweight include the following: 

duration of hike, time of day, and frequency of breaks to allow the body to cool. In addition, to 

minimize heat illness, hikers can reduce physiological strain and improve physical performance. 

Also, regardless of physical condition, hikers can benefit from partaking in heat 

acclimatization.47 Complete heat acclimatization occurs after 10 to 14 days of cardiovascular 

endurance exercise, lasting 1 to 2 hours daily; however, 75% of adaptation occurs within 5 days 

with repeated heat exposure that is enough to elevate body temperature and induce profuse 

sweating.48  

A large volume of medical conditions can effect susceptibility to heat-related illness. The 

affect on the body from the medical condition can cause temperature regulation issues. However, 

because of the time limitations for the study and the vast number of medical conditions that are 

potentially associated with heat-related illness, further research on medical conditions will be 
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pursued in a separate review.  

Conclusion 

Regarding heat-related illnesses, the proper identification and understanding of 

predisposing factors are critical to prevention. Areas of educational interventions that can be 

completed before hiking include teaching individuals about internal risk factors, signs and 

symptoms, and prevention strategies for heat-related illness. Enhancing awareness of internal 

risks and interventions has the potential to decrease the number of cases of heat-related illness in 

hikers. Related to the issue of internal risk factors for heat-related illness is the topic of optimal 

hydration of noncompetitive athletes during high heat or humidity while performing physical 

activities. This area of inquiry could enhance knowledge about risks to hikers and is a fertile area 

of research for future study. 
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Table. Medications That May Increase Risk of Heat-Related Illness 
Class Medication Mechanism Effect 
Anticholinergic agent Atropine 

Belladonna 
Benztropine 
Cyclopentolate 
Darifenacin 
Dicyclomine 
Fesoterodine 
Glycopyrrolate 
Homatropine 
Hyoscine 
Hyoscyamine 
Ipratropium 
Lupin 
Lupine 
Methscopolamine 
Oxybutynin 
Procyclidine 
Propantheline 
Scopolamine Derivatives 
Solifenacin 
Tiotropium 
Tolterodine 
Trihexyphenidyl 
Trimethobenzamide 
Trospium 

Anticholinergic agents 
block the binding of 
acetylcholine at 
muscarinic receptors and 
inhibit parasympathetic 
nerve impulses.  

Decreases sweating at 
sweat glands. Our body 
cools down temperature by 
dissipating heat through 
perspiration. Impaired 
sweating in the body 
results in decreased heat 
loss. 

 
 

 

Histamine H1 antagonist 
with higher potent 
anticholinergic activity 

 

Chlorpheniramine 
Hydroxyzine 
Meclizine 
Oxomemazine 
Phenyltoloxamine 
Diphenhydraminea 
Doxylaminea 
Mequitazinea 
Pizotifen 

Same as anticholinergic 
agent 

Same as anticholinergic 
agent 

 

Ganglionic blocker, acting 
as a nicotinic antagonist 
with higher potency of 
anticholinergic activity 

 

Mecamylamine Same as anticholinergic 
agent 

Same as anticholinergic 
agent 

 

Anti-Parkinsonian 
anticholinergics 

 

Orphenadrinea 
Trihexyphenidyla 

 

Same as anticholinergic 
agent 

 

Same as anticholinergic 
agent 

 

Tricyclic antidepressants 
with higher potency of 
anticholinergic activity 
 
 
 
 
 
 
 

 

 

Amitriptyline 
Amoxapine 
Clomipramine 
Dosulepin 
Doxepin 
Imipramine 
Maprotiline 
Protriptyline 
Trimipramine 
Desipraminea 
Nortriptylinea 

 

Same as anticholinergic 
agent 
 

Same as anticholinergic 
agent 
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Opipramola 
 

Table. Medications That May Increase Risk of Heat-Related Illness 
Continued 
 

Anticholinergic agent/ 
gastrointestinal/urinary 
antispasmodics with 
higher potency of 
anticholinergic activity 

 

 
Belladonna alkaloid 
Oxybutynin 
Tiemonium 

Same as anticholinergic 
agent 

Same as anticholinergic 
agent 

 

Typical antipsychotic 
medication with higher 
potency of anticholinergic 
activity 
 

 

Butyrophenone 
Chlorpromazine 
Flupenthixol 
Fluphenazine 
Haloperidol 
Molindone 
Perphenazine 
Phenothiazine 
Pimozide 
Prochlorperazine 
Thioridazine 
Thiothixene 
Thioxanthenes 
Zuclopenthixol 

 

Same as anticholinergic 
agent 
 

 

Same as anticholinergic 
agent 
 

 

Atypical antipsychotic 
medication with higher 
potency of anticholinergic 
activity 

 

Risperidone 
Quetiapine  
Aripiprazole 
Olanzapine 

Same as anticholinergic 
agent 

Same as anticholinergic 
agent 

 

Anticholinergic agent/  
bronchodilators with 
higher potency of 
anticholinergic activity 

 

Ipratropium bromide 
Oxitropium bromidea 
 
 

Same as anticholinergic 
agent 

Same as anticholinergic 
agent 

 

Serotonin 5-HT1B/1D 
receptor agonists 

 

Almotriptan 
Eletriptan 
Frovatriptan 
Naratriptan 
Rizatriptan 
Sumatriptan 
Triptans 
Zolmitriptan 

 

Serotonin agonists have 
been implicated in the 
development of serotonin 
syndrome with 
combination of SSRI. 

 

Increased serotonergic 
activity in the body can 
raise body temperature in 
patients with serotonin 
syndrome. 
 

 

 SSRI 
 

Citalopram 
Escitalopram 
Fluoxetine 
Fluvoxamine 
Paroxetine 
Sertraline 
Vilazodone 

 

Serotonin agonists have 
been implicated in the 
development of serotonin 
syndrome with 
combination of SSRI. 

 

Increased serotonergic 
activity in the body can 
raise body temperature in 
patients with serotonin 
syndrome. 
 

 

Loop diuretic 
 

Furosemide  
Bumetanide  
Torsemide  

 

Inhibits reabsorption of 
Na+ and Cl- in the 
ascending loop of Henle 
and distal renal tubule. 
Thus, it can cause 
increased excretion of 
water, Na+, Cl-, Mg2+, and 
Ca2+. 

 

Reduction in peripheral 
blood flow limits body 
heat dissipation. During 
exercise, diuretic could 
induce dehydration and 
increase heat sensitivity 
due to extreme water loss. 
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Table. Medications That May Increase Risk of Heat-Related Illness 
Continued 

 

Thiazide diuretic  
 

Hydrochlorothiazide 
Chlorthalidone 
Metolzaone 
Indapamide 

 

Same as loop diuretic  Same as loop diuretic 

 

Diuretic 
 

Alcohol 
Caffeine 
\  

Same as loop diuretic Same as loop diuretic 

 

Alpha-1 agonist 
 

Methoxamine 
Methylnorepinephrine 
Midodrine 
Oxymetazoline 
Metaraminol 
Phenylephrine 

 

Alpha 1 agonists bind to 
alpha receptors on vessels,  
causing vasoconstriction 

 

Vasoconstriction of the 
cutaneous blood vessels 
within the body would 
conserve heat in the body.  
 
 

 

Alpha-agonist and beta- 
agonist decongestant 

 

Ephedrine 
Norepinephrine  
Pseudoephedrine  
 

 

Alpha-1 agonists bind to 
alpha receptors on vessels, 
and beta-1 agonists bind to 
beta receptors on blood 
vessels, causing 
vasoconstriction 

Vasoconstriction of the 
cutaneous blood vessels 
within the body would 
conserve heat in the body.  
 

 

Central nervous system 
stimulants  

 

Amphetamine 
Methylphenidate 
Methamphetamine 
Cocaine 
MDMA  
Methylenedioxy  
PMA 
4-MTA 
Heroin  

 

Stimulants inhibit the 
reuptake and metabolism 
of catecholamine. 
Increased catecholamine 
can result in 
vasoconstriction. 

 

Stimulants raise body 
temperature by interfering 
with the body’s ability to 
regulate temperature. 
Catecholamine induces 
vasoconstriction in the 
cutaneous blood vessels 
causing conservation of 
heat in the body.  

Abbreviation: 4-MTA, 4-Methythioamohetmne; MDMA, 3,4-methylenedioxy-methamohetamine; PMA, para-
Methoxy amphetamine---; SSRI, Selective serotonin reuptake inhibitors. 
a Medications have less anticholinergic activity  
 

  
 


