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Context: Knowledge about the specific environmental and
practice risks to participants in American intercollegiate football
during preseason practices is limited. Identifying risks may
mitigate occurrences of exertional heat illness (EHI).

Objective: To evaluate the associations among preseason
practice day, session number, and wet bulb globe temperature
(WBGT) and the incidence of EHI.

Design: Descriptive epidemiology study.
Setting: Sixty colleges and universities representing 5

geographic regions of the United States.
Patients or Other Participants: National Collegiate Athletic

Association football players.
Main Outcome Measure(s): Data related to preseason

practice day, session number, and WBGT. We measured
WBGT every 15 minutes during the practice sessions and used
the mean WBGT from each session in the analysis. We
recorded the incidence of EHIs and calculated the athlete-
exposures (AEs).

Results: A total of 553 EHI cases and 365 810 AEs were
reported for an overall EHI rate of 1.52/1000 AEs (95%

confidence interval [CI] ¼ 1.42, 1.68). Approximately 74% (n ¼
407) of the reported EHI cases were exertional heat cramps
(incidence rate ¼ 1.14/1000 AEs; 95% CI ¼ 1.03, 1.25), and
about 26% (n ¼ 146) were a combination of exertional heat
syncope and heat exhaustion (incidence rate¼ 0.40/1000 AEs;
95% CI ¼ 0.35, 0.48). The highest rate of EHI occurred during
the first 14 days of the preseason period, and the greatest risk
was during the first 7 days. The risk of EHI increased
substantially when the WBGT was 82.08F (27.88C) or greater.

Conclusions: We found an increased rate of EHI during the
first 14 days of practice, especially during the first 7 days. When
the WBGT was greater than 82.08F (27.88C), the rate of EHI
increased. Sports medicine personnel should take all necessary
preventive measures to reduce the EHI risk during the first 14
days of practice and when the environmental conditions are
greater than 82.08F (27.88C) WBGT.

Key Words: environmental conditions, heat injuries, weath-
er monitoring, wet bulb globe temperature

Key Points

� The greatest risk of exertional heat illness (EHI) among American collegiate football players occurred during the first
14 days of preseason practice.

� The rate of EHI was related to the number of practice sessions held during the preseason period.
� The relative risk of EHI was low when wet bulb globe temperature was less than 82.08F (27.88C) and increased

when it was between 82.08F and 86.08F (30.08C).

E
xertional heat illness (EHI) is one of many
conditions with which athletic trainers (ATs) must
contend when supervising the participation of

collegiate student-athletes in preseason football practice
sessions. Specifically, 2 EHI categories, exertional heat
stroke (EHS) and heat exhaustion (HE), are serious
illnesses that can be debilitating and potentially life
threatening if appropriate prevention strategies and treat-
ment regimens are not used (Table 1). From 1960 to 2009,
123 cases of heat-related deaths were reported among
American football participants in the United States.2 Heat-
related deaths increased substantially since 1975: 24 deaths

were reported from 1975 to 1994, but over the next 15 years
(1995 to 2009), 42 deaths occurred.3 In fact, the 5-year
period from 2005 to 2009 included the greatest number of
heat-related deaths (n ¼ 18) in high school and collegiate
sports for any 5-year period over the previous 35 years.3

From 1988 to 2004, the National Collegiate Athletic
Association (NCAA) Injury Surveillance System4 reported
1687 EHI occurrences that resulted in time-loss injuries for
athletes during fall (August to October) football practices.
Whereas the NCAA data did not specifically identify EHI
occurrences as heat cramps, HE, or EHS, they showed that
over the 16-year period, an average of 104.3 EHIs per year
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occurred. This number represents approximately 5.6% of
the total preseason practice injuries per year and an EHI
injury rate of 0.44 per 1000 athlete-exposures (AEs).4 In a
recent retrospective analysis, Grundstein et al5 documented
58 deaths of US football players from 1980 to 2009 that
were attributable to hyperthermia. When the dataset
included information beginning in 1960, the number
increased to 123.

The EHI occurrences may be attributable to the inability
to acclimatize to hot-weather stresses while participating in
athletic activities. This illness is not caused by a single
factor; rather, it is multifaceted. Heat acclimatization
implies that biological functioning has adapted to a more
stressful weather condition (eg, increased wet bulb globe
temperatures [WBGTs]), allowing an individual to better
regulate body temperature during extreme environmental
conditions. The acclimatization process is accomplished
through repeated exposure to a hot environment so that
increases in both core and skin temperatures invoke the
sweat response. The effects of heat acclimatization on
exercise capability are often substantial, and without
acclimatization, the athlete’s ability to exercise at maxi-
mum level is limited. The heat-acclimatized athlete can
often perform sustained athletic activities that were not
possible before the acclimatization process.6 The American
College of Sports Medicine (ACSM) position stand7 on
EHI during training and competition stipulates that heat
acclimatization is the best method to protect the athlete
against EHS and HE. The position stand relies heavily on
WBGT measurements and recommends specific training
regimes when WBGTs reach certain levels. Gradual
exposure to these conditions and gradual increases in
exercise intensity and duration are critical to the athlete’s
ability to acclimatize during preseason training.

Numerous authors8–11 have indicated that the risk of EHI
increases as the WBGT increases during periods of intense
exercise. An individual who participates in activities when
the WBGT value is high experiences increased physiologic
heat gain through both convection and radiation. In
addition, the body’s ability to compensate for this heat
gain is impaired due to high humidity levels, which slow
the evaporation process associated with the sweating
mechanism.

Investigators10,12–16 have suggested that the acclimatiza-
tion process can take 8 to 14 days and, in some cases, up to
2 months. The EHI incidence appears to be elevated during
this time, as data from the NCAA Surveillance System4

indicated that the first 21 days of preseason practice
resulted in the greatest frequency of EHIs for collegiate
football players. Similarly, researchers investigating EHIs
among 5 NCAA Division I universities in the Southeast
during a single season17 observed similar results, noting
that EHI was more frequent in August (8.95/1000 AEs)

than in September (1.7/1000 AEs) or October (0.00/1000
AEs). However, these findings were limited by the small
number of participating institutions and single geographical
area. To alleviate these concerns, we studied a national
sample that used a digital environmental measuring device
to record data throughout the entire practice period, rather
than at certain intervals. Therefore, the purpose of our study
was to evaluate the associations of practice day, session
number, and WBGT and the incidence rates of EHIs for US
collegiate athletes participating in football practice during
preseason training.

METHODS

Participants

Data were collected for 4 football seasons (2004 through
2007) from colleges and universities participating in
NCAA Division I or III football. Each school was placed
into 1 of 6 regions based on the longitude and latitude
lines and defined as Northeast, Southeast, Upper Midwest,
Lower Midwest, Northwest, and Southwest. Participants
were identified by position, practice type, amount of
equipment worn, and type of EHI. Data for all participants
during each season were entered into the data logger on a
Web site developed for this study. Descriptive informa-
tion, such as equipment worn, playing surface, player
position, and practice type, was recorded for each EHI
occurrence. A total of 60 colleges and universities began
the study, with equal representation from each of the 6
regions. Over the 4 years of data collection, we recorded
114 team-seasons; institutions that did not submit
complete season data or had errors in data recording in
that year of data were not included in this study. The
University of Georgia Institutional Review Board provid-
ed an exemption for athlete consent and approved this
study.

Definitions of EHI and AE

We defined EHI according to the National Athletic
Trainers’ Association (NATA) position statement1 (Table
1). A reportable heat illness event was defined as one that
resulted in missed participation or in evaluation by a
member of the athletic medical staff. Based on the NCAA
criteria, we defined a reportable AE as an individual
participating in 1 team practice session.4 An AT at each
participating institution was responsible for documenting
all EHIs and exposures using a standardized form. To
standardize data collection, an instructional packet with
detailed information about data recording, instrument use,
and illness and injury definitions was mailed to each
participating AT. We assumed that ATs could recognize the

Table 1. Definitions of Exertional Heat Illnesses1

Exertional Heat Illness Type Definition

Heat cramps Condition that presents during or after intense exercise as an acute, painful, involuntary muscle contraction

Heat syncope Orthostatic dizziness accompanied by a brief episode of fainting

Heat exhaustion Inability to continue exercise associated with heavy sweating, dehydration, sodium loss, and energy

depletion

Exertional heat stroke Elevated core temperature .408C associated with signs of organ system failure due to hyperthermia

Exertional hyponatremia Serum sodium levels ,130 mmol/L (130 mEq/L)
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signs and symptoms of EHIs and accurately diagnose these
illnesses.

Terminology

All athletic practices were defined as either a practice day
(calendar day) or practice session (when multiple practice
sessions were held in a single day). Practice sessions were
identified in an aggregate format through the reporting
period. Practice number reflected the specific practice
session of multiple practices held on the same day (double
sessions).

We defined illness rate by preseason practice session
number according to NCAA regulations.18 These regula-
tions require that, during the first 5 days (eg, August 1, 2, 3)
of practice, each session must be no longer than 3 hours,
with helmets only on practice days 1 and 2, helmets and
shells on practice days 3 and 4, and full equipment on day
5. Beginning on practice day 5, double practice sessions can
start and single- and double-session days can be alternated.

Illness rate by practice day indicated that the illness rate
was calculated for each practice day. Practice began on
August 1 per NCAA policy. Practice days were labeled as
day 1, day 2, day 3, etc.

Environmental Data

Daily environmental data were recorded using either a
WBGT weather instrument or by estimated weather-
station data for each participating site. The portable
weather monitor (model QT-34; Quest Technologies,
Oconomowoc, WI) was used to record environmental
data (WBGT) daily at each participating site. It was placed
adjacent to where most practices took place at each
school. This weather monitor has data-logging capabilities
that store environmental data on an internal memory card;
we downloaded the data to a computer and transmitted
them to the research team. The data-logging interval was
set at 15 minutes, and data were recorded from the
beginning to the end of a scheduled practice session. The
QT-34 measures WBGT based on 3 environmental
variables: ambient air or dry bulb temperature (DB), wet
bulb temperature (WB), and globe temperature (G). The
WBGT calculations use a weighted average of the 3
temperature sensors as follows19:

WBGT ¼ 0:7WBþ 0:2Gþ 0:1DB

At schools without QT-34 units, we used observational
measures of WBGT by assessing DB and relative humidity
from nearby weather stations. These weather observations
were obtained from the National Climatic Data Center US
Global Surface Airways Hourly Observations dataset (DSI-
3280).20 Next, we estimated WBGT based on the following
algorithm:

WBGT ¼ 0:567 3 Ta 3 0:393 3 eþ 3:94;

where Ta represents DB in Celsius and e indicates water
vapor pressure (hPa). To calculate e, we used the formula20:

e ¼ relative humidity=100 3 6:105

3 expð17:27 3 Ta= 237:7þ Ta½ �Þ:
If the practice occurred between the recording periods

for weather-station data, the variables were averaged

between the times. Estimates of WBGT based on weather-
station data correlate highly with on-field measures of
WBGT.21

The high and average WBGTs were recorded for each
session. Of the total number of WBGT values recorded (n¼
3942), 2204 (55.9%) observations used the QT-34, and
1738 (44.1%) observations used estimated numbers.

To ensure that field and weather-station measures of
WBGT were equal, we randomly selected 1% (n ¼ 1984)
of all data points from the complete dataset. This subset
consisted of 1143 points based on the QT-34 and 841
points based on estimated WBGT. A 1-way analysis of
variance indicated no difference (F1,1982¼ 1.541, P¼ .22)
between the QT-34 (23.948C 6 4.608C) and estimated
WBGT data (23.728C 6 3.108C). Based on this analysis
and previous use of weather-station data,2,21,22 the
estimated data were included in the analysis. We recorded
the EHI rates by WBGT in 28 increments from 61.08F
(16.18C) to 92.08F (33.38C) continuously throughout the
practice session. The WBGT unit was stabilized before
recording as directed by the manufacturer’s recommen-
dations.

Procedures

Data collection occurred from the first official day of
football practice (approximately August 1) until September
30. The data were sent to a common collection site for
evaluation of accuracy and data entry. Game-day data were
not included in this study.

Data Cleaning

At the end of the project, all data were evaluated for
accuracy and integrity. If a school submitted partial
information for a season, the entire dataset for that season
was excluded from the analysis. In the Southwest, only 2
schools complied with the project procedures. We did not
believe this was an accurate representation of the EHI
experiences for that region; therefore, all data for that
region were excluded from the analysis. Sufficient data
were received from the remaining 5 regions. Therefore, all
analyses were completed based on data obtained from 5
regions of the country: Northeast, Southeast, Upper
Midwest, Lower Midwest, and Northwest.

Statistical Analysis

We used basic descriptive statistics (mean 6 SD) to
describe patterns and trends among player position and
academic year, WBGTs, practice day, session number, and
EHI types. The EHI rates were calculated by adding the
number of EHI cases and dividing by the number of AEs;
only practice EHI rates were calculated. An incidence
density ratio was calculated for each geographic region. We
calculated 95% confidence intervals (CIs) for all illness
rates (IRs). The 95% CI was used to estimate the range of
the likely population examined. Given the low number of
reported heat syncope (HS) occurrences, we combined
these occurrences with reported HE cases to form 1 variable
(HS/HE). All data were aggregated to represent the data
trends for all years. We used SPSS (version 22; IBM
Corporation, Armonk, NY) to analyze the statistics.
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RESULTS

Exertional Heat Illness Rates

A total of 553 EHI cases and 365 810 AEs were recorded
for an overall heat IR of 1.52/1000 AEs (95% CI ¼ 1.42,
1.68). Approximately 74% (n ¼ 407) of the reported EHI
cases were exertional heat cramps (IR ¼ 1.14/1000 AEs;
95% CI ¼ 1.03, 1.25), and about 26% (n ¼ 146) were a
combination of exertional HS and HE (IR¼0.40/1000 AEs;
95% CI¼ 0.35, 0.48). No participating university reported
any cases of heat stroke or hyponatremia. When the data
were analyzed by region, the Northeast had 32 EHI cases
(0.52/1000 AEs); the Southeast, 446 cases (3.18/1000
AEs); the Upper Midwest, 32 cases (0.62/1000 AEs); the
Lower Midwest, 33 cases (0.67/1000 AEs); and the
Northwest, 10 cases (0.18/1000 AEs). Furthermore, the
Southeast had the highest EHI rate, whereas the Northeast,
Upper Midwest, and Lower Midwest had about the same
EHI rates (Figure 1). The Northwest had a lower EHI rate
than all other regions. Overall, the Southeast ratio was 4.78
times higher than the Lower Midwest ratio, which was the
next highest region. For the more severe EHIs (HS/HE), the
Southeast ratio was 2.36 times higher than the Lower
Midwest ratio (Figure 1).

Illness Rate by Preseason Practice Session Number

As seen in Figure 2, the greatest risk of EHI occurred
during the first 3 practice sessions. The data also indicated
an increase in EHI occurrence during practice sessions 8
and 11. For EHI IRs that were different, the IR remained
less than 1.0/1000 AEs for practice sessions 19 through 29
(Figure 2). Of the total EHI cases, 92.8% (n ¼ 478)
occurred during the first 29 practice sessions of the defined
preseason period, with most EHI cases recorded in the first
15 practice sessions (Table 2).

Illness Rate by Practice Day

The first 3 practice days, which represent practice
sessions 1 through 3, demonstrated the greatest EHI risk

(Figure 3). When double sessions were permitted on
practice day 6, we noted an increase in the EHI IR on
practice days 7 and 10. The EHI IR remained relatively
stable beginning with practice day 14.

Illness Rate by WBGT

As stated, the WBGT data for HS/HE were recorded in
28 increments from 61.08F (16.18C) to 92.08F (33.38C)
and plotted from 70.18F (21.28C) to 90.08F (32.28C) as
seen in Figure 4. The HS/HE IR remained less than 0.23/
1000 AEs (95% CI ¼ 0.09, 0.39) when the WBGT was
less than 78.08F (25.68C). The IR was 6 times higher
(1.44/1000 AE) when a WBGT of 82.08F (27.88C) to
84.08F (28.98C; 95% CI ¼ 1.02, 2.04) was recorded than
when a WBGT of 76.08F (24.58C) to 78.08F (25.68C) was
recorded.

The EHIs were also categorized based on the ACSM EHI
scale7 of low risk (,82.08F [27.88C]), moderate risk
(82.18F [27.98C] to 86.08F [30.08C]), high risk (86.18F
[30.18C] to 90.08F [32.28C]), and extreme risk (.90.08F
[32.28C]), as seen in Table 3. Low- and moderate-risk
categories accounted for 96.6% of the practice sessions
(Table 4). More severe EHI cases of HS/HE exhibited an IR
of 1.34/1000 AEs for both the moderate- and high-risk
categories.

DISCUSSION

Our goal was to evaluate EHI occurrence in a national
sample of US collegiate football athletes, and we showed
that the greatest risk of EHI occurred within the first 14
days of practice. We believe that the increased number of
practice sessions, consecutive days of practice, intensity of
practices, and WBGT levels at the start of the football
season place greater demands on the physiologic systems of
the athlete’s body, causing a higher EHI incidence than at
other times in the season.

Our data suggested that EHI rates can also be tied to the
number of practice sessions held during the preseason
period. Referencing Figure 3, our data indicated a spike in
EHI occurrences during the initial 2 practice sessions,

Figure 1. Exertional heat illness rate by region of the United States.
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with a gradual decline in rates through session 6. The
incidence rose again during practice session 7, which
corresponds with the beginning of double-session practic-
es as allowed by the NCAA practice policy,17 and
remained elevated through session 15. Thereafter, for the
EHI IRs that were different, the IRs decreased to less than
1.00/1000 AEs. However, when evaluating by practice
day, the EHI IR began high and gradually declined until
practice day 14. When interpreting both the practice-
session and practice-day data, it appears to take 14 days
for collegiate football players to become acclimated, as
demonstrated by the decline in both the EHI IR and
frequency of EHI occurrences. Recently, researchers4,16,23

evaluating large participant samples have also found that
the occurrence of EHI increases when individuals
participate in activities under adverse environmental
conditions. When seeking the exact cause of an EHI,
one must understand that it is the result of multiple factors.
These variables may be either environmental or non-
environmental and, therefore, require the AT to act on a
variety of aspects. The NATA’s position statement on
EHIs1 includes recommendations to reduce these occur-
rences through injury-prevention techniques. We found
similar indicators for this athletic population and agree
with the implementation of prevention strategies to reduce
the risk.

The revised ACSM EHI scale7 (Table 3) has 4 WBGT
categories for the acclimatized athlete, which include
suggestions for participation restrictions. Whereas this
scale was developed for general use by athletes of all
calibers and not specifically for football players, the

WBGT categories provide useful information for the
clinician. For EHI prediction, our data suggested that,
when WBGT was less than 82.08F (27.88C), the relative
risk of EHI was low (0.84/1000 AEs). However, when the
WBGT was between 82.08F (27.88C) and 86.08F (30.08C),
the EHI rate was 6.02/1000 AEs. We suggest that, when
the WBGT is less than 82.08F (27.88C), normal hydration
strategies are warranted and should be implemented by the
medical staff for fluid replacement, rest, electrolyte
balance, and body weight management.1,13 When the
WBGT is greater than 82.08F (27.88C), we recommend
that medical personnel closely monitor all participants at
high risk1 (eg, those with increased body mass index,
dehydration, sickle cell trait) for signs of EHI during all
events. Essentially, all ATs should be on high alert for
EHI occurrence and institute more frequent rest breaks
and hydration opportunities during practice sessions held
in these temperature extremes. Additional interventions,
such as practice-length modification, equipment modifi-

Table 2. Percentage of Exertional Heat Illness Cases by

Preseason Practices

Days of Practice

Exertional

Heat Illness

Occurrences, No.

% (No.)

Preseason

Period Season

First 5 d of practice 243 47.18 (115) 43.78 (106)

First 10 d of practice 340 66.02 (224) 61.26 (208)

First 15 d of practice 423 82.14 (347) 76.22 (322)

Entire preseason period 515 100.00 (515) 92.79 (478)

Figure 2. Exertional heat illness rate by preseason practice session.
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cation, and coach education, are valuable and can lessen
EHI occurrence rates. Our study demonstrated very few
cases of EHI at temperatures greater than 90.08F (32.28C)
because teams revised practice times or practice type
when WBGT reached this level. Athletic trainers and all
medical personnel should limit practice sessions in this
extreme environmental condition.

The ACSM,7 the Department of the Navy,15 and the
NATA1 have published position statements about

athletic participation in extreme environmental condi-
tions. These position statements agree that a WBGT
index is the best measure of environmental conditions
and should be adopted to prevent EHI and dictate
practice protocols during extreme environmental condi-
tions. Our study supports the recommendations of the
ACSM, US Department of Defense, and NATA, and we
encourage the medical community to implement these
guidelines.

Figure 3. Exertional heat illness rate by preseason practice day.

Figure 4. Heat syncope/heat exhaustion rate by every 28F of wet bulb globe temperature.
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Limitations

We relied on ATs to be knowledgeable about and able
to recognize EHI and to record and report all EHI events
to the project staff. We provided each AT with
definitions of EHIs and requested that they review the
NATA’s position statement on EHIs.1 Whereas every
effort was made to obtain accurate data, we recognize
that EHIs could have been underreported or overreported.
In addition, given that we used estimated data for a
portion of the WBGT readings, some measurement error
could have occurred.

Clinical Applications

We believe that ATs and all medical personnel associated
with football are doing an excellent job with EHI
prevention. First, no heat strokes or deaths occurred at the
reporting schools. Furthermore, very few practice sessions
were held when the WBGT reached 90.08F (32.28C) or
higher. Although we cannot substantiate if any practices
were canceled or moved to a different part of the day due to
environmental conditions, less than 0.5% of the exposures
occurred at a WBGT greater than 90.08F (32.28C).
Additional consideration should be given to at-risk
individuals, player position, practice day, and practice
session at the beginning of the football season and when the
WBGT reaches high levels. More practice modifications
may be needed to reduce the risk of a catastrophic incident
for these individuals.

No heat strokes were reported during the study period,
but this type of EHI potentially can occur during the twice-
daily period and the first 19 sessions of football practice.
Heat stroke is one of the few medical emergencies for
which ATs treat first and transport second. We strongly
recommend that all ATs have a tub available for cold-water
immersion and assess rectal temperature as an accurate
measure of core body temperature. When a heat stroke
occurs, the immediate cooling of the body via cold-water
immersion rapidly lowers core body temperature and
ultimately saves lives.24,25

Considering the substantial number of exertional heat
cramps and HE cases, prevention of EHI requires the
medical professional to institute appropriate prevention
strategies1 as well as provide educational resources for
those who are participating in extreme environmental
conditions. Attention to hydration strategies based on an
individual’s sweat rate and the replacement of sodium and
electrolytes through counseling on good dietary habits are
sound prevention strategies that will also benefit the athlete.

CONCLUSIONS

Our study represents a 4-year data analysis of EHI rates
among US collegiate football players and demonstrates that
the risk of EHI increases during the initial 14 days of
preseason practice. Sports medicine professionals should
evaluate the effect of the environment (WBGT), practice
day, and practice session when developing and implement-
ing appropriate EHI prevention strategies.

Table 3. American College of Sports Medicine Wet Bulb Globe Temperature Index Scale7a

Wet Bulb Globe

Temperature, 8F (8C) Nonacclimated Acclimated

,82.0 (27.8) Increase work-to-rest ratio. Decrease total duration

of activity.

Normal activity. Monitor fluid intake of participants.

82.1–86.0 (27.9–30.0) Increase work-to-rest ratio to 1:1. Limit intense

exercise and watch at-risk athletes.

Plan intense or prolonged exercise with discretion.

Watch at-risk individuals.

86.1–90.0 (30.1–32.2) Cancel or stop practice and competition. Limit intense exercise and total exposure to heat

and humidity. Watch for early signs and

symptoms of exertional heat illness.

.90.0 (32.2) Cancel exercise. Cancel exercise. Uncompensable heat stress

exists for athletes.

a Reprinted with permission from American College of Sports Medicine, Armstrong LE, Casa DJ, et al. American College of Sports Medicine
position stand: exertional heat illness during training and competition. Med Sci Sports Exerc. 2007;39(3):556–572. Promotional and
commercial use of the material in print, digital, or mobile device format is prohibited without the permission from the publisher Wolters
Kluwer. Please contact healthpermissions@wolterskluwer for further information.

Table 4. Exertional Heat Illness Rates for Each American College of Sports Medicine Risk Category20

Risk Category18

Exertional Heat Illness Type, No.

No. of

Exposures

Overall Exertional

Heat Illness Ratea

Heat Syncope/Heat Exhaustion

Exertional Heat Illness Ratea

Heat

Cramps

Heat

Syncope

Heat

Exhaustion Total

Low 191 21 52 264 315 326 0.84 0.23

Moderate 178 6 45 229 38 067 6.02 1.34

High 32 4 10 46 10 475 4.39 1.34

Extreme 6 0 8 14 1942 7.21 4.12

Total 407 31 115 553 365 810 1.52 0.40

a Overall exertional heat illness rate and heat syncope/heat exhaustion exertional heat illness rate are normalized per 1000 athlete-
exposures.
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