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Abstract
Aims: Hypothermia is a medical condition characterized by a drop in core body temperature,
and it is a considerable source of winter weather-related vulnerability in mid-/high-latitude
areas. Heat vulnerability research, including assessments of internet-based resources, is more
thoroughly represented in the peer-reviewed literature than cold-related vulnerability research.
This study was undertaken to summarize available web-based hypothermia information, and
then determine its scientific validity compared to the peer-reviewed literature.
Methods: This research takes a similar approach used by Hajat et al. for web-based heat
vulnerability research, and utilizes this framework to assess hypothermia information found on
the internet. Hypothermia-related search terms were used to obtain websites containing
hypothermia information, and PubMed (medical literature search engine) and Google Scholar
were used to identify peer-reviewed hypothermia literature. The internet information was
aggregated into categories (vulnerable populations, symptoms, prevention), which were then
compared to the hypothermia literature to determine the scientific validity of the web-based
guidance. The internet information was assigned a Strength of Recommendation Taxonomy
(SORT) grade (developed by the American Academy of Family Practitioners) of A, B, or C
based on the peer-reviewed evidence.
Results: Overall, 25 different pieces of guidance within the three categories were identified on
49 websites. Guidance concerning hypothermia symptoms most frequently appeared on
websites, with six symptoms appearing on 50% or greater of websites. No piece of guidance
within the vulnerable population categories appeared on greater than 60% of the websites, and
prevention-related guidance was characterized by varied SORT grades.
Conclusions: Hypothermia information on the internet was not entirely congruent with the
information within the peer-reviewed medical literature. Several suggestions for improving webbased hypothermia resources include clearly listing sources for users to see and eliminating
guidance with lower SORT grades and replacing with evidence-based information.

INTRODUCTION
Hypothermia is a drop in core body temperature
below 35°C caused by exposure to cold air,
immersion in cold water, or from thermoregulation
inefficiencies attributable to senescence or

underlying illness.1–4 Prominent hypothermia
symptoms include shivering, cardiovascular
irregularities, and a reduction in mental and
physical capabilities.1–3,5,6 Hypothermia
progresses through three stages: mild, moderate,
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and severe (see online supplementary
Table 1). Hypothermia is a significant
cause of winter season morbidity and
mortality in middle and high-latitude
regions.7–11
There is much hypothermia-related
information on the internet, but its
scientific validity has not been assessed.
This research took a similar approach to
a heat vulnerability review conducted by
Hajat et al.12 and analyzed the content of
web pages containing hypothermiarelated information. Websites were
identified using Google searches and
were reviewed for suitability. The
guidance within the websites was
aggregated into categories (vulnerable
populations, symptoms, prevention), and
the percentage of websites that
contained each piece of guidance was
calculated. The guidance was then
compared to peer-reviewed hypothermia
literature to determine its scientific
validity. It should be noted that this study
exclusively assessed direct cold
exposure hypothermia, and it did not
analyze excess cold morbidity and
mortality related ailments such as
cardiovascular disease.
This research is important for a number
of reasons. As hypothermia is a considerable source of winter-time morbidity and
mortality, it is imperative that the best
information be available to internet users.
Also, medical practitioners can use this
research to guide their patients to additional information that is scientifically
sound. Hypothermia guidance sections
on websites can be redeveloped to more
accurately reflect the peer-reviewed literature, allowing users to better prevent
hypothermia morbidity and mortality.
Evidence-based symptom information will
allow users to better identify hypothermia
in others. Additionally, weather forecast
offices that regularly issue warnings for
dangerous cold can include links to websites with valid hypothermia information
for those living within their forecast area.

METHODS
A search strategy and website selection
criteria were applied in a manner similar
to Hajat et al.12 The Google search
engine was used to search for websites

with hypothermia-related information
using several search terms, which were
‘hypothermia’, ‘hypothermia treatment’,
and ‘hypothermia and public health
department’. Preliminary research using
Google Trends indicated that these terms
were commonly used to search for hypothermia information. Also, we were trying
to emulate the search pattern used by
lay people when searching for hypothermia information. The first 10 pages of
results were searched for usable websites; typically, after five pages, many
repeat results were returned. The redundancy of the results makes the list of
websites robust, so that it accounts for
variability in search results.
Several exclusionary criteria were
applied to eliminate websites with potentially biased or unusable information. The
first criterion was that the website could
not be an advertisement. As many websites were company web pages dedicated to selling hypothermia prevention
products, with guidance centered on the
use of the advertised product, these sites
were eliminated from analysis. The second exclusionary criterion was that the
website was not to be video-centric,
such as YouTube; many results on these
websites were not related to medical
hypothermia. The third criterion was that
PDF and text document results had to
have an associated web page; those not
associated with an active website or
those with broken web links were not
assessed because it was impossible to
determine document authorship. The last
exclusionary criterion was simply eliminating results that contained no information relevant to hypothermia. Of 139
websites identified, 49 met all inclusion
criteria (online supplementary Table 2),
and several types of websites were identified in this process. Popular (n = 14)
websites were associated with a variety
of institutions and wrote about hypothermia in simpler, less formal terms and
were tailored for broader audiences.
Medical13 websites were associated with
medical institutions and public health
departments, and featured more technical discussions on hypothermia.
Outdoor10 websites were written for audiences engaged in outdoor activities such

as hunting, fishing, and hiking, and were
strongly focused on preventing hypothermia. Special group1 websites did not fit
into the previous categories and presented hypothermia information to specialized audiences. The hypothermia information within the websites was placed
into one of the following categories:
w Populations of increased hypothermia vulnerability (vulnerable populations);
w Symptoms of hypothermia (symptoms);
w Hypothermia risk mitigation measures (prevention).
The information was coded so the guidance could be tallied, and then the percentage of websites, including the information, was calculated. Initially, there were
categories for causes and treatments. The
cause category was eliminated because it
dealt with the medical definition of hypothermia, and most websites did not elaborate more than ‘hypothermia is caused
by cold exposure’. The treatment category was eliminated because of a paucity
of peer-reviewed literature concerning the
efficacy of hypothermia field treatment
methods, such as use of blankets, drinking warm liquids, and other hypothermia
management methods.
The hypothermia literature was
reviewed to determine the stated guidance’s scientific validity. PubMed, a
search engine for medical literature, and
Google Scholar were searched for hypothermia articles using various search
terms (online supplementary Table 3). A
larger number of search terms were utilized here compared to the Google
searches so medical articles directly
addressing the website guidance could
be identified. Articles were reviewed for
suitability, with a total of 58 peerreviewed articles identified during this
process.
The website guidance was then
graded using the Strength of
Recommendation Taxonomy (SORT), a
criteria scale developed by the American
Academy of Family Practitioners. These
grades rated the website guidance’s
congruence to the peer-reviewed literature. This ranking method was employed
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on a position statement issued by the
American College of Sports Medicine in a
report on cold weather injury and exercise.14,15 This scale utilizes grade rankings of A, B, and C to evaluate the scientific validity of the guidance. An A grade
indicates that the guidance is based on
consistent and good patient-based scientific evidence. A B grade indicates that
there is some scientific evidence, but it is
of limited quantity and lower quality. A
rank of a C indicates that evidence is
based on consensus, opinion, or usual
practice.

RESULTS
Overall, 25 facets of hypothermia guidance from the three categories of webbased hypothermia information were
assessed (online supplementary Table 4).
There are four categories of SORT
grades included in the table: Science,
Epidemiology, Usefulness, and Usability.
The Science grade reflects the medical
and physiological evidence for a specific
piece of guidance. The Epidemiology
category refers to the evidence regarding
the vulnerability of specific populations to
hypothermia, and is only applicable to
the vulnerable populations category. The
Usability grade assesses how well a specific symptom indicates the presence of
hypothermia, while the Usefulness grade
evaluates how early in the course of
hypothermia the symptom occurs. The
effects of hypothermia are less reversible
later in the course of hypothermia, and
symptoms that occur later are accordingly graded lower.

Vulnerable populations
For vulnerable populations, two SORT
grades are provided: one assessing the
medical evidence and the other assessing the epidemiological evidence. The
most frequently listed vulnerable population was the elderly (Science and
Epidemiology SORT grade of A), which
appeared on 59% of the websites
assessed. Several factors contribute to
the high level of elderly hypothermia vulnerability. First, the cold response mechanism becomes less efficient with
age.3,16,17 Second, actual temperature

sensation of the cold becomes blunted
as people age.4,18,19 Therefore, ambient
conditions are not perceived to be cold.
Additionally, many elderly have a smaller
body mass index (BMI) than middle-aged
adults. Smaller bodies lose radiative heat
more quickly than larger bodies, and
many elderly people have less subcutaneous fat providing insulation against the
cold because of malnutrition.19 However,
a study by DeGroot et al.20 found weak
evidence for body fat as a predictor of
elderly hypothermia. Age-related mental
decline also contributes to their vulnerability.19 Epidemiological data demonstrate
that the elderly have higher rates of both
morbidity and mortality compared to other
age groups.7,8,11,21,22 Additionally, there is
the social confounder of isolated living
that contributes to their vulnerability.19
Small children (A, C) were listed as a
vulnerable population on 47% of the
websites. Small children and infants can
lose much heat to the surrounding environment because of a high surface area
relative to their overall mass, which hypothetically increases their hypothermia vulnerability.1,13 However, epidemiological
evidence suggests that this age group is
less vulnerable to hypothermia, with low
overall death rates compared to older
age groups.7,11,23 Baumgartner et al.24
conducted an analysis of hypothermia
morbidity from a small sample of US
hospital data, and found that persons
under the age of 15 were approximately
5% of the sample.
Alcohol abusers (A, A) were listed as a
vulnerable group on one-third of the
websites analyzed. Ethanol acts as a
vasodilator that counteracts the body’s
vasoconstriction reaction to cold.2,3,25,26
Ethanol can also have a muscle-relaxing
effect that hinders shivering thermogenesis.1,25–27 Additionally, intoxication can act
to inhibit shelter-seeking behavior.1,3
Several retrospective studies have indicated that alcoholics have an increased
risk for hypothermia morbidity and mortality.6,8,22,28–31
In all, 27% of websites stated that
underlying medical conditions (A, B), or
taking medicine for other medical issues,
increased an individual’s susceptibility to
hypothermia. There are many medical

conditions that can potentially increase
one’s hypothermia risk.4,28,32 However,
diabetes particularly blunts the cold
response through decreased cold sensation.28 While many of the deaths contained in data sets list underlying causes
of death, it is not easy to obtain information about the victim’s medication.
Therefore, epidemiologic knowledge of
hypothermia and medical conditions is
incomplete.
Approximately one-quarter of the websites investigated stated the homeless
(C, B) are susceptible to hypothermia, as
they are dangerously exposed to cold
temperatures. Research suggests that
sustained cold exposure can lead to a
diminished cold response;14,33 while it is
plausible that the cold response can
become blunted in the homeless, no
studies directly address this. There are
also significant confounders with substance abuse, malnutrition, and mental
illness in this population.34
Epidemiological data are difficult to
obtain for the homeless; however,
Hwang35 found that homeless shelter
users in Toronto were sometimes afflicted
with cold weather ailments. Homeless
hypothermia decedents are sometimes
found outdoors with high blood alcohol
concentrations.9,22,31
People who spend time outdoors
(hikers and workers who willingly spend
time outdoors, distinct from homeless;
A and B) were also listed as vulnerable to
hypothermia (24%). The cold response
follows a different course in this
population. Initially, core temperature
increases with heavy exertion, compensating for increased heat loss potential
due to vasodilation. However, when
the individual rests, core temperature
stops increasing, and the cold response
does not immediately begin, which rapidly sends the victim into hypothermia
through evaporative cooling.33,36 Two
studies22,23 indicated that outdoor workers had higher rates of fatalities compared to the average population.
However, these studies had small sample
sizes and were geographically limited in
scope (Jefferson County, AL, USA).
These two studies did not examine hypothermia morbidity.
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Mental illness (C, B) was purported to
increase hypothermia vulnerability on
16% of websites. While mental illnesses
do not impact the cold response itself,
people with these conditions incorrectly
perceive danger levels, and do not implement behavioral changes to reduce
hypothermia risk. Lack of behavior
changes to a stressor does not constitute medical vulnerability. Additionally,
this information is not listed on death
certificates, and official counts of hypothermia deaths of mentally ill people are
difficult to obtain. Storm Data is the official source for storm-related losses in the
United States, and it contains information
on hypothermia-related deaths. While
this publication is known for undercounting storm-related deaths, some hypothermia deaths in this database contained text describing the context in
which the fatality occurred. Some
descriptions mentioned the victim had a
mental illness and had gone into cold
ambient conditions.37 Overall, few epidemiological data demonstrate the hypothermia vulnerability of the mentally ill.
Malnourishment is described in
prevention as food and hydration-related
guidance (A, C). No studies have
examined the relationship between
hypothermia fatalities and nutrition status
as reported on death certificates.14,38,39

Symptoms
Overall, hypothermia symptoms were
listed on a higher percentage of websites
than the other categories; six of the ten
symptoms were identified on 50% or
more of the websites. Symptoms have a
three-part SORT taxonomy that gauges
several aspects of the guidance. First,
the scientific evidence is assessed to
determine whether the symptom occurs
when the victim becomes hypothermic.
The second part of the SORT grade is a
usability ranking, or how easy it would be
to use this symptom as a specific
indicator of hypothermia. The last part of
the SORT grade is a usefulness rating,
that is, does this symptom occur in the
early stages of hypothermia, or does this
occur when the effects of hypothermia
are irreversible?

Shivering (Science SORT grade of A,
Usability SORT A, Usefulness SORT A)
tied with mental impairment as the most
commonly listed symptom on websites
(80%). One of the first stages of the cold
response, rapid muscle contractions, is
capable of raising core body temperature
by nearly 2°C per hour with adequate
energy intake.2,3,18 Overall, identifying
shivering does not take advanced
medical knowledge, and this symptom is
also specific to hypothermia. Shivering
occurs early during hypothermia (it stops
as hypothermia becomes more severe)
when the effects are largely
reversible.5,18,40
Mental impairment (A, B, B) was also
listed on 80% of the websites.
Successive decreases in core body
temperature overwhelm the cold
response.41 As brain temperature
decreases, electrical activity begins to
slow down due to impaired
conduction.18,41,42 This has a cascading
effect on brain function – first conscious
thought is affected, followed by systems
that are not under conscious control
(breathing, heart rate, etc), leading to a
wide range of symptoms. Because a
wide range of impacts are involved,
mental impairment could be a nonspecific symptom based on context,
especially if those involved are not
outdoor people or if the ambient
conditions are not perceived to be
dangerous. As a wide variety of
conditions cause mental impairment, it is
not a clear indicator of hypothermia.
Physical coordination (A, B, B) similarly
declines as core temperature decreases,
and this was given as a hypothermia
symptom on 76% of websites. This is
related to the loss of higher mental
function and the brain’s ability to conduct
electrical signals.41 As higher thought is
reduced, the ability to coordinate one’s
movements decreases and
vasoconstriction reduces blood flow to
the extremities. There are other ailments
that might cause a rapid loss of
coordination; however, in the absence of
mentally impairing substances, this is a
reasonable indicator of hypothermia.
Physical coordination issues can occur

in mild to moderate hypothermia so has
limited usefulness.1,5
Incoherence (A, B, B), or the inability to
communicate thoughts clearly, was listed
as a hypothermia symptom on approximately 60% of the websites. As brain
and core temperatures drop, neurons
have a reduced ability to conduct electricity, with a concurrent loss in conscious thought that also reduces the ability to communicate clearly.2,18,41 While
this can indicate the presence of other
ailments, the ability to communicate is
also linked to body language and behavior. Early on in hypothermia, behavioral
changes render the victims withdrawn
and difficult to communicate with, so it is
a reasonable early indicator of hypothermia.41 If all other factors are known to be
equal (the victim is with acquaintances
who know the personality of the victim,
and it is known no drinking is involved),
this can be a clear indicator of hypothermia. However, it can occur in the moderate hypothermia stage, so its usefulness
is limited.1
Cardio-respiratory problems (A, B, B)
were mentioned on 53% of websites.
There are many different manifestations
of cardiovascular problems of hypothermia. In the initial stages of hypothermia,
the heart rate and breathing speed up;
as hypothermia becomes more severe,
the heart rate begins to slow down,
sometimes becoming almost undetectable.3,18,43 Later stages of hypothermia are
associated with electrolyte imbalance; in
severe hypothermia, the heart can stop
completely.3,18,41,44 While pulse changes
could be detected, heart irregularities are
more difficult to judge. Also, in the
absence of other symptoms, pulse
changes would be insufficient for a field
diagnosis of hypothermia. Heart rate
changes are well defined by stage of
hypothermia, so they are a strong indicator of hypothermia severity to knowledgeable people. However, for most of
the population, it is of limited usefulness
in determining the presence of
hypothermia.
Reduced energy (A, B, C) was listed
on 50% of websites. Experiments performed by Young et al.45 demonstrated
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that after long-term exertion fatigue, the
cold response becomes compromised.
Hypothermia victims have reduced
energy levels as hypothermia progresses.41 However, reduced energy or
constant fatigue is an underlying symptom in a number of ailments (e.g. cancer,
ischemia, multiple sclerosis), limiting its
usability in identifying hypothermia.46–48
Overall, its usability is limited because
clear indications of reduced energy occur
during moderate and severe hypothermia,41 and other, more prominent symptoms occur during mild hypothermia.
Other symptoms reported on websites
include loss of consciousness (43%),
pale/icy skin (29%), and paradoxical
undressing (8%). Loss of consciousness
occurs in the later stages of hypothermia
(A, C, C);1,41 however, this symptom is a
non-specific diagnostic tool because
many other ailments are associated with
unconsciousness, and it occurs when
the victim’s survival is less likely. Pale/icy
skin (A, B, B), or pallor, refers to the loss
of skin color that can occur during hypothermia. This can be concurrent with
frostbite and occurs because of reduced
blood flow to the extremities and the top
layer of skin, making the skin cold to the
touch.40,41 This symptom can be indicative of other ailments, so is not hypothermia-specific. However, it can occur in the
early stages of hypothermia, so it does
have some diagnostic utility. Paradoxical
undressing (B, C, C) is when a victim
removes their clothes in the late stages
of hypothermia. It is thought that warm
blood flowing back to the extremities
causes a strong heat sensation, which
compels the victim to take off their
clothes. This has limited usability and
usefulness because paradoxical undressing occurs when the victim’s chances of
survival are low.

Prevention
Similar to vulnerable populations, only
some prevention guidance is mentioned
on a high percentage of websites.
Approximately three-quarters of websites
listed ‘wear appropriate clothing in layers’ (Science B) as a preventative measure, with 51% of websites also stating to

‘cover head/extremities’ (Science A).
Significant heat loss occurs through the
skin, and this is mitigated by wearing
additional clothing.28,49 Heat loss through
the head deserves a special explanation,
as this specific guidance appeared on
many websites. For many years, it was
believed that 50% of heat loss occurs
through the head, based on flawed early
research and a US Military manual.50,51
Pretorius et al.52 found that heat loss
through the head is no greater than in
other parts of the body; uncovered areas
lose a proportionally large amount of
heat. It is difficult to ascertain what
‘appropriate’ clothing is, and there are a
limited number of scientific studies testing the efficacy of various clothing types.
In an epidemiological study examining
mountain hikers, layered clothing that
was alternately removed and added to
as activity increased and decreased was
the best way to delay the onset of hypothermia.33,36 A review of exercise practices in the cold demonstrated that a
wind and waterproof outer layer, with a
moisture-wicking layer near the skin and
a thicker, water absorbent middle layer,
was a good way to slow hypothermia
onset while engaged in physical activity.14
However, the authors also admitted that
it was difficult to give concrete advice
with regard to clothing, as individual morphology, and fitness level, played some
role in how well subjects resisted the
cold. In summary, wearing clothing is paramount to hypothermia prevention, but
the exact type of clothing varies based on
individual factors. All areas of the body
lose heat and need to be covered.
Food- and hydration-related guidance
(A) appeared on 43% of websites.
Increased food intake is needed to fuel
the body’s cold response and its associated high basal metabolic rate. Without
increased energy intake, the body’s cold
response becomes impaired; however, if
properly clothed and not exercising for
long periods, the body’s core temperature would be higher than resting level
and would require only supplementation
from small snacks in addition to regular
meals.14,38,39 Dehydration (C) has no
impact on the body’s cold response.14

‘No alcohol, smoking, or caffeine’ was
offered as prevention guidance on 31%
of websites. The effects of alcohol (A)
were analyzed in vulnerable populations
under alcohol abusers. No research specifically addressed the impacts of smoking (C) on hypothermia. Caffeine (C) has
been noted by Sterba53 and Irwin54 as a
beverage ingredient to avoid because of
its diuretic effects. However, as stated
earlier, dehydration has no effect on the
cold response.14
‘Stay dry/do not over-exert’ (A) was
listed on 31% of websites. Water immersion can rapidly cause hypothermia, as
water conducts heat 25 times greater
than an equivalent volume of air.6 Moist
ambient conditions can also contribute
to a core temperature drop through
evaporative cooling.55 Exertion can result
in perspiration and fatigue, which can
impact the cold response (see ‘reduced
energy’ and ‘people who spend time
outdoors’).
‘Avoid cold temperatures and high
winds’ (A) was given as preventative
guidance on 29% of the websites
assessed. During prolonged exposure to
ambient cold temperatures, the body
loses more heat than it produces, and
wind exposure lowers core temperature
through evaporative cooling (for perspiring individuals) or the wind creating convection near the skin, which disrupts the
stable warm air near the skin.49,55–57
While not capable of cooling the body
temperature greatly, the concurrent risk
of frostbite makes wind exposure a dangerous phenomenon.14
‘Not wearing cotton garments’ (C) was
guidance given on 14% of websites.
Some research has attempted to determine the thermal properties of garments
in different conditions. Anecdotal evidence states that cotton is a poor insulator when wet, and that wool retains its
insulation properties. However, research
by Holmer58 showed that wet wool garments lost some of their thermal properties when wet, and that wet wool
retained thermal properties more than
wet nylon garments. Navy diving experiments also demonstrated that wool is a
poor insulator when wet.53 Wool has a
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high heat of sorption, so it is possible this
is perceived as increased warmth by the
wearer.59 Limited research exists on cotton and its thermal properties when wet.
A study by Bakkevig and Nielsen60
showed that wet undergarments (cotton,
wool, polypropylene, and a wool mix)
significantly contributed to cooling; however, the thickness of the garment was
more important than the type of fabric
with regard to heat retention. Richards et
al.61 also found that total evaporative
heat loss was less for cotton compared
to polyester and polypropylene.
One website mentioned that it was useful to take time to ‘acclimatize to the cold’
(C). There are several physiologic mechanisms through which the human body
acclimatizes to warm temperatures; in
comparison, the body’s adaptations to
cold are much less robust and are difficult
to replicate in a laboratory setting.14 While
some anecdotal evidence suggests that
people can adapt to cold temperatures,
there is little scientific evidence that suggests humans acclimatize to the cold.

DISCUSSION
This article sought to synthesize available
hypothermia information and guidance
on the internet and critically compare it to
the peer-reviewed literature. This was
done because hypothermia information
on the internet is widespread, and it has
not been assessed for its quality. Overall,
25 pieces of guidance on 49 websites
were assessed.
Vulnerable populations were underemphasized on these websites. Additionally,
it should be noted that websites do not
differentiate between morbidity and mortality for vulnerable populations. The
elderly are highly vulnerable to hypothermia, but fewer than 60% of the websites
assessed mentioned this. Also, none of

the websites identified listed minorities as
vulnerable populations. In the United
States in particular, ethnic minority
groups such as African Americans and
Hispanics have higher rates of hypothermia deaths than White people do.11
While a review of cold-induced finger
vasodilatation demonstrated that Black
people had the smallest response,62 the
primary driver of this vulnerability is
socio-economic disparities.7,11
A considerable number of the websites
focused on stating the symptoms of
hypothermia, and comprehensively listed
those that could be identified in the field.
Shivering, mental impairment and physical impairment, were stated as hypothermia symptoms on at least three-quarters
of the websites utilized. However, loss of
consciousness was stated on 43% of the
websites as an important symptom; this
symptom is non-specific to hypothermia
and is of limited utility for most web page
readers.
Prevention guidance reflected widely
varied SORT grades; wearing appropriate
clothing in layers was the most frequently
stated guidance (76%). While there is a
scientific basis to this advice, it is difficult
to give concrete guidance in this regard
because individual variation impacts cold
vulnerability. Nearly one-third of the websites stated that consuming caffeine had a
negative impact on the cold response,
when in fact the diuretic action of this
substance has no appreciable impact on
the cold response. In some instances,
some guidance based on solid science
was not emphasized enough on these
websites. For instance, staying dry and
not over-exerting was listed on 31% of
websites. Staying dry prevents evaporative cooling and not over-exerting allows
more of the body’s energy reserves to be
used for the cold response.

CONCLUSION
An internet search was conducted to
obtain websites with hypothermia guidance, and then compare them to peerreviewed literature to determine their scientific validity. A total of 49 websites were
analyzed and compared to 58 peerreviewed articles. While some symptoms
were listed on a high percentage of websites, most other guidance was listed on
a smaller percentage of websites.
Several populations were highly vulnerable to hypothermia, but these groups
were not listed on a considerable percentage of websites.
While much of the guidance is based
on some research, it was often not easy
to determine where a website got its
information from. The authors suggest
that not only do websites need to list
information sources, but guidance associated with low SORT grades need to be
eliminated. Additionally, increased mention of vulnerable populations will help
users identify people around them who
might be potentially at risk. These suggestions should make web-based hypothermia information more scientifically
sound.

ACKNOWLEDGEMENTS
The authors wish to thank Dr Thomas
Schmidlin and Dr Lynette Phillips for their
comments on earlier versions of this article.
Their insights were valuable and greatly
improved the content and readability of the
article. We would also like to thank the
reviewers for their careful review of the article. Part of this work was presented at the
American Association of Geographers Joint
East/West Lakes Meeting at Northern
Illinois University (DeKalb, IL, USA) on 26th
October 2012. This work was not supported by grants, and the authors declare
no conflicts of interest.

References
1.

2.

Nixdorff-Miller A, Hunsaker DM, Hunsaker JC III.
Hypothermia and hyperthermia medicolegal
investigation of morbidity and mortality from
exposure to environmental temperature
extremes. Archives of Pathology & Laboratory
Medicine 2006; 130: 1297–304.
Epstein E, Kiran A. Accidental hypothermia.
British Medical Journal 2006; 332:
706–9.

3. Mulcahy AR, Watts MR. Accidental hypothermia:
An evidence-based approach. Emergency
Medicine Practice 2009; 11(1): 1–26.
4. Ballester JM, Harchelroad FP. Hypothermia: An
easy-to-miss, dangerous disorder in winter
weather. Geriatrics 1999; 54(2): 51–7.
5. Connolly E, Worthley LIG. Induced and accidental
hypothermia. Critical Care and Resuscitation 2000;
2: 22–9.

6. Turk EE. Hypothermia. Forensic Science,
Medicine, and Pathology 2010; 6: 106–15.
7. Rango N. Exposure-related hypothermia mortality in
the United States, 1970–1979. American Journal
of Public Health 1984; 74: 1159–60.
8. Herity B, Daly L, Bourke GJ, Horgan JM.
Hypothermia mortality and morbidity: An
epidemiologic analysis. Journal of Epidemiology
and Community Health 1991; 45: 19–23.

6 Perspectives in Public Health l Month 201X Vol XX No X

Downloaded from rsh.sagepub.com at OhioLink on April 14, 2014

PPH517977.indd 6

12/02/2014 6:47:44 PM

PEER REVIEW
Internet hypothermia information

9. Tanaka M, Tokudome S. Accidental hypothermia
and death from cold in urban areas. International
Journal of Biometeorology 1991; 34: 242–6.
10. Dixon PG, Brummer DM, Hedquist BC, Kalkstein
AJ, Goodrich GB, Walter JC et al. Heat vs cold
mortality: A study of conflicting databases in the
US. Bulletin of the American Meteorological
Society 2005; 86: 937–43.
11. Thacker MT, Lee R, Sabogal RI, Anderson A.
Overview of deaths associated with natural
events, United States, 1979–2004. Disasters
2008; 32(2): 305–15.
12. Hajat S, O’Connor M, Kosatky T. Health effects
of hot weather: From awareness of risk factors
to effective health promotion. The Lancet 2010;
375: 856–63.
13. Beim J, Koehnke N, Classan D, Dosman J. Out
of the cold: Management of hypothermia and
frostbite. Canadian Medical Association Journal
2003; 168(3): 305–11.
14. Castellani JW, Young AJ, Duchame MJ,
Geisbrecht GG, Glickman E, Sallis R. American
College of Sports Medicine position stand:
Prevention of cold injuries during exercise.
Medicine and Science in Sports and Exercise
2006; 38: 2012–29.
15. Ebell MH, Siwek J, Weiss B, Woolf SH, Susman
J, Ewigman B et al. Strength of recommendation
taxonomy (SORT): A patient-centered approach
to grading evidence in the medical literature.
American Family Physician 2004; 69(3): 548–56.
16. Ranhoff A. Accidental hypothermia in the elderly.
International Journal of Circumpolar Health 2000;
59(3–4): 255–9.
17. Pedley D, Patterson B, Morrison W. Hypothermia
in elderly patients presenting to accident and
emergency during the onset of winter. Scottish
Medical Journal 2002; 47(1): 10–1.
18. Mallet M. Pathophysiology of accidental
hypothermia. The Quarterly Journal of Medicine
2002; 95: 775–85.
19. Dharmarajan T, Wijidada D. Hypothermia in the
geriatric population. Aging Health 2007; 3(6):
735–41.
20. DeGroot D, Havenith G, Kenney LW. Responses
to mild cold stress are predicted by different
individual characteristics in younger and older
subjects. Journal of Applied Physiology 2006;
101: 1607–15.
21. Rango N. The social epidemiology of accidental
hypothermia among the aged. The Gerontologist
1985; 25(4): 424–30.
22. Taylor AJ, McGwin G. Temperature-related
deaths in Alabama. Southern Medical Journal
2000; 93(8): 787–92.
23. Taylor A, McGwin GJ, Davis G, Brissie R, Holley
T, Rue LW III. Hypothermia deaths in Jefferson
County, Alabama. Injury Prevention 2001; 7:
141–5.
24. Baumgartner EA, Belson M, Rubin C, Patel M.
Hypothermia and other cold morbidity-related
emergency department visits, United States:
1995–2004. Wilderness & Environmental
Medicine 2008; 19: 233–7.
25. Kalant H, Le AD. The effects of ethanol on
thermoregulation. Pharmacology & Therapeutics
1984; 23: 313–64.
26. Teresiski G, Buscewicz G, Madro R. Biochemical
background of ethanol-induced cold
susceptibility. Legal Medicine 2004; 7:
15–23.

27. Huttunen P. Effect of alcohol on the processes of
thermoregulation. Acta Physiologica Polonica
1990; 41: 25–31.
28. Kempainen RR, Brunette DD. The evaluation and
management of accidental hypothermia.
Respiratory Care 2004; 49(2): 192–205.
29. Gallaher MM, Fleming DW, Berger LR, Sewel
MC. Pedestrian and hypothermia deaths among
Native Americans in New Mexico between the
bar and home. Journal of the American Medical
Association 1992; 267(10): 1345–8.
30. Hislop L, Wyatt J, McNaughton G, Ireland A,
Rainer T, Olverman G et al. Urban hypothermia in
the west of Scotland. British Medical Journal
1995; 311: 725.
31. Roeggla M, Holzer M, Roeggla G, Frossard M,
Wagner A, Laggner AN. Prognosis of accidental
hypothermia in an urban setting. Journal of
Intensive Care Medicine 2001; 16(3): 142–9.
32. Brändström H. Accidental Hypothermia and
Local Cold Injury: Physiological and
Epidemiological Studies on Risk. PhD., Umea
University, 2012 (82 pages).
33. Young AJ, Castellani JW. Exertional fatigue and
cold exposure: Mechanisms of Hiker’s
hypothermia. Applied Physiology, Nutrition, and
Metabolism 2007; 32: 793–8.
34. Fazel S, Khosla V, Doll H, Geddes J. The
prevalence of mental disorders among the
homeless in Western countries: Systematic
review and meta-regression analysis. PLoS
Medicine 2008; 5(12): 1670–81.
35. Hwang SW. Homelessness and health. Canadian
Medical Association Journal 2001; 164(1): 229–
33.
36. Ainslee P, Riley T. Physiology of accidental
hypothermia in the mountains: A forgotten story.
British Journal of Sports Medicine 2003; 37:
548–50.
37. Spencer JM. Winter Weather-Related Fatalities in
the Coterminous United States: An Analysis of
Three Databases. Master’s Thesis Northern
Illinois University, DeKalb, IL, 2009.
38. Galloway S, Maughan RJ. The effects of
substrate and fluid provision on
thermoregulatory, cardiorespiratory, and
metabolic responses to prolonged exercise in a
cold environment in man. Experimental
Physiology 1998; 83: 419–30.
39. Galloway SDR, Wooton SA, Murphy JL,
Maughan RJ. Exogenous carbohydrate oxidation
from drinks ingested during prolonged exercise
in a cold environment in humans. Journal
of Applied Physiology 2001; 91(2):
654–60.
40. Ulrich AS, Rathlev NK. Hypothermia and
localized cold injuries. Emergency Medicine
Clinics of North America 2004; 22: 281–98.
41. Poszos RS, Danzl DF. Human physiological
responses to cold stress and hypothermia. In:
Pandoff KB and Burr RE Medical Aspects of
Harsh Environments. Washington, DC: Office of
the Surgeon General, US Army, 2001,
pp. 351–382.
42. Lansdowne D, Scruggs V. The temperature
dependence of the movement of potassium and
chloride ions associated with nerve impulses.
Journal of Physiology 1976; 259: 145–58.
43. Mustafa S, Shaikh N, Gowda R, Khan I.
Electrocardiographic features of hypothermia.
Cardiology 2005; 103: 118–9.

44. Aslam AF, Aslam AK, Vasavada BC, Khan IA.
Hypothermia: Evaluation, electrocardiographic
manifestations, and management. The American
Journal of Medicine 2006; 119: 297–301.
45. Young AJ, Castellani JW, O’Brien C, Shippee RL,
Tikuisis P, Meyer LG et al. Exertional fatigue,
sleep loss, and negative energy balance increase
susceptibility to hypothermia. Journal of Applied
Physiology 1998; 85(4): 1210–7.
46. Stone P, Richards M, Hardy J. Fatigue in patients
with cancer. European Journal of Cancer 1998;
34(11): 1670–6.
47. Murthy G, Hargens AR, Lehman S, Rempel DM.
Ischemia causes muscle fatigue. Journal of
Orthopaedic Research 2001; 19: 436–40.
48. Bakshi R. Fatigue associated with multiple
sclerosis: Diagnosis, impact and management.
Multiple Sclerosis 2003; 9(3): 219–27.
49. Young AJ, Castellani JW. Exertion induced
fatigue and thermoregulation in the Cold.
Comparative Biochemistry and Physiology Part
A: Physiology 2001; 128: 769–76.
50. Froese G, Burton AC. Heat losses from the
human head. Journal of Applied Physiology
1957; 10(2): 235–41.
51. Vreeman CR, Carroll EA. Festive medical myths.
British Medical Journal 2008; 337:1442–1443.
52. Pretorius T, Bristow GK, Steinman AM,
Giesbrecht GG. Thermal effects of whole head
submersion in cold water on nonshivering
humans. Journal of Applied Physiology 2006;
101(2): 669–75.
53. Sterba J. Arctic Cold Weather Medicine and
Accidental Hypothermia. Washington, DC: Naval
Sea Systems Command, 1990.
54. Irwin BR. A case report of hypothermia in the
wilderness. Wilderness & Environmental
Medicine 2002; 13(2): 125–8.
55. Yamane M, Oida Y, Onishi Y, Matsumoto T,
Kitigawa K. Effects of wind and rain on thermal
responses of humans in a mildly cold
environment. European Journal of Applied
Physiology 2010; 109: 117–23.
56. Pugh LG. Accidental hypothermia in
walkers, climbers, and campers: Report
to the Medical Commission on Accident
Prevention. British Medical Journal 1966; 1:
123–9.
57. Pugh LG. Cold stress and muscular exercise,
with special reference to accidental hypothermia.
British Medical Journal 1967; 2: 333–7.
58. Holmer I. Heat exchange and thermal insulation
compared in woolen and nylon garments during
wear trials. Textile Research Journal 1985; 55:
511–8.
59. Stuart I, Schneider A, Turner TR. Perception of
the heat of sorption of wool. Textile Research
Journal 1989; 59(6): 324–9.
60. Bakkevig MK, Nielsen R. Impact of wet
underwear on thermoregulatory responses and
thermal comfort in the cold. Ergonomics 1994;
37(8): 1375–89.
61. Richards MGM, Rossi R, Meinander H, Broede
P, Candas V, den Hartog E et al. Dry and wet
heat transfer through clothing dependent on the
clothing properties under cold conditions.
International Journal of Occupational Safety and
Ergonomics 2008; 14: 69–76.
62. Daanen HAM. Finger cold-induced vasodilation:
A review. European Journal of Applied
Physiology 2003; 89: 411–26.

Perspectives in Public Health 7

Downloaded from rsh.sagepub.com at OhioLink on April 14, 2014

PPH517977.indd 7

12/02/2014 6:47:44 PM

