
332 Volume 41 • Number 3 • September 2006

Journal of Athletic Training 2006;41(3):332–336
� by the National Athletic Trainers’ Association, Inc
www.journalofathletictraining.org

Exertional Heat Illness and Environmental
Conditions During a Single Football
Season in the Southeast
Earl R. Cooper, Jr*; Michael S. Ferrara†; Steven P. Broglio‡

*Georgia College & State University, Milledgeville, GA; †University of Georgia, Athens, GA; ‡University of Illinois
at Urbana-Champaign, Urbana, IL

Earl R. Cooper, Jr, EdD, ATC, CSCS, contributed to conception and design; acquisition and analysis and interpretation of the
data; and drafting and final approval of the article. Michael S. Ferrara, PhD, ATC, contributed to conception and design;
acquisition and analysis and interpretation of the data; and critical revision and final approval of the article. Steven P. Broglio,
PhD, ATC, contributed to analysis and interpretation of the data and drafting, critical revision, and final approval of the article.
Address correspondence to Earl R. Cooper, Jr, EdD, ATC, CSCS, Georgia College & State University, 231 West Hancock
Street, Milledgeville, GA 31061. Address e-mail to bud.cooper@gcsu.edu.

Context: Recommendations for heat illness prevention pro-
vided by sports medicine associations do not always account
for sex differences, specific age populations, regional environ-
mental conditions, equipment worn during activity, or the ath-
lete’s size or preexisting level of fitness.

Objective: To evaluate the rate of exertional heat illness
(EHI) among collegiate football athletes and to monitor environ-
mental conditions during American football practice for a 3-
month period.

Design: Epidemiologic study in which we reviewed the oc-
currence rates of EHI and wet bulb globe temperature readings
during a 3-month period of American collegiate football practice
sessions.

Setting: Five universities in the southeastern region of the
United States.

Patients or Other Participants: Collegiate football players
at the 5 universities.

Main Outcome Measure(s): Wet bulb globe temperatures
were recorded from August through October 2003, at the be-

ginning, middle, and end of each practice session. The EHIs
were identified and recorded, and athlete-exposures (AEs)
were calculated.

Results: A total of 139 EHIs and 33 196 AEs were reported
(EHI rate � 4.19/1000 AEs). The highest incidence of EHIs was
in August (88%, EHI rate � 8.95/1000 AEs) and consisted of
70% heat cramps (6.13/1000 AEs), 23% heat exhaustion (2.06/
1000 AEs), and 7% heat syncope (0.58/1000 AEs). No cases of
heat stroke or hyponatremia were identified. The highest risk of
EHI occurred during the first 3 weeks of the study; mean wet
bulb globe temperature declined significantly as the study con-
tinued (P � .001). Temperatures in the final 5 weeks of the study
were significantly cooler than in the first 5 weeks (P � .05).

Conclusions: Heat cramps were the most common EHI and
occurred most often during the first 3 weeks of practice. Athletic
trainers should take all necessary preventive measures to re-
duce the risk of EHI.

Key Words: heat stress, Heat Stress Index, wet bulb globe
temperature, exercise-associated muscle cramps

Stressful environmental conditions can present numerous
problems for the athletic participant. Exertional heat ill-
ness (EHI) is often associated with physical activity in

a hot and humid environment; the incidence of EHI is corre-
lated with the rise in ambient air temperature and humidity.1

Extreme environmental heat places significant stress on the
body’s ability to perform while thermoregulatory responses are
occurring in various internal organs.2 These responses include
mobilizing nutrients and electrolytes and maintaining an ap-
propriate equilibrium of body fluids and increasing body tem-
perature, pH, and blood pressure. If the organ systems do not
respond appropriately, the athlete may develop a serious and
potentially catastrophic medical condition.

From 1979 through 1999, the Centers for Disease Control
and Prevention reported 8015 deaths among the general popu-
lation that were attributable to heat-related illnesses as a result
of exposure to excessive heat in the United States.3 Although
most of these fatalities were not sport related, the recent and
untimely deaths of several professional, collegiate, and high

school athletes as a result of heat-related illnesses have gener-
ated national attention related to the risk of exertional heat stress
illnesses among athletes. Many professional organizations have
published position statements4–12 regarding the appropriate
ways to recognize, treat, and prevent these illnesses.

To guard against EHI during athletic events, the American
College of Sports Medicine (ACSM) has studied the effects of
heat stress and has made specific recommendations (ie, position
statements) regarding the participation of individuals in stressful
environments. These recommendations consist of guidelines
that measure heat stress and define the severity of heat stress
by a Wet Bulb Globe Temperature (WBGT) Index.12 Based on
the WBGT at the time of the event, the ACSM also has rec-
ommendations regarding the type, duration, and frequency of
exercise regimes for a particular day, the frequency of hydration
and rest breaks, and whether or not the activity should be moved
to a different time of day or canceled altogether.10

The WBGT Index is the most widely accepted measure of
environmental conditions and is used as a monitoring guide-
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Table 1. American College of Sports Medicine Wet Bulb Globe Temperature Index Risk Chart5,12*

Wet Bulb Globe
Temperature, �C Flag Risk Comments

�18 Green Low Risk low but still exists on the basis of risk factors†
18–23 Yellow Moderate Risk level increases as event progresses through day
23–28 Red High Everyone should be aware of injury potential; individual at risk should not compete
�28 Black Extreme Consider rescheduling or delaying the event until safer conditions prevail; if the

event must take place, be on high alert

*Reprinted with permission from Armstrong LE, Epstein Y, Greenleaf JE, et al. American College of Sports Medicine position stand: heat and cold
illnesses during distance running. Med Sci Sports Exerc. 1996;28:i–x.
†Obesity, lack of fitness, dehydrated, those unacclimatized to the heat, those with a history of heat stroke, those with an illness.

line for activities in both athletics and industry. The devel-
opment of the WBGT equation is well supported by the re-
search performed by Yaglou and Minard13 and is referenced
by many agencies and governing bodies.3–5,8,11,12,14–18 The
WBGT Index is derived from 3 independent environmental
readings: dry bulb temperature (ambient air temperature, dt),
wet bulb temperature (humidity, wbt), and black globe tem-
perature (radiant heat, bgt) using the equation below13:

WBGT Index � 0.7wbt � 0.2bgt � 0.1dt

Using the WBGT Index score along with published guidelines
allows sports medicine professionals to make decisions re-
garding the intensity, length, time of day, and required rest
periods for exercise sessions in hot and humid environments.

Since 1975, ACSM has published 3 position statements ad-
dressing the prevention of heat illnesses as it applies to dis-
tance running.10,12,19 The original statement was updated in
1987 to include thermal injuries affecting not only distance
runners but also the general population.10 In 1996, the ACSM
again updated the position statement by addressing exercise in
extreme environmental conditions for both the recreational
jogging community and elite distance runners, as seen in Table
1.12 This guideline includes a WBGT Index Risk Chart that
delineates temperature ranges and descriptive terminology for
potential environmental heat stress.

The ACSM Risk Chart recommendations were derived for
the general community, recreational joggers, and elite distance
runners. These recommendations are to be applied to all geo-
graphic areas of the United States and do not take into account
sex differences, specific age populations, environmental con-
ditions unique to the different regions of the country, equip-
ment worn during activity, or the size or preexisting level of
conditioning or fitness of the athlete.10 Our purpose was to
evaluate the WBGT and the incidence of EHI during American
football practice sessions at 5 National Collegiate Athletic As-
sociation Division I Southeastern universities from August
through October 2003.

METHODS

A total of 5 southeastern US Division I varsity football pro-
grams participated in this study. Data were collected from Au-
gust through October 2003, during which time environmental
readings, the number of athlete participants, and the number
of EHIs occurring during football practice were recorded. A
certified athletic trainer at each institution was responsible for
all equipment setup, data collection, and information trans-
mission to the researchers. Each athletic trainer was given a

detailed instruction manual that included equipment setup in-
structions, definitions of EHIs, and reporting forms. Environ-
mental conditions were monitored only for days on which
football practice was held.

Definition of Illness

Exertional heat illness cases were defined using the National
Athletic Trainers’ Association position statement on EHIs5 and
were assessed by the medical and athletic training staff at each
institution. We provided descriptions of the clinical signs and
symptoms of EHIs for consistency of evaluation and assess-
ment of these injuries (Table 2).

Instrumentation

Each participating athletic trainer was given a WBGT-103F
Heat Stroke Checker (KEM Kyoto Electronics Manufacturing
Co, Ltd, Tokyo, Japan). The Heat Stroke Checker is a portable,
handheld environmental monitor, which records ambient air
temperature, relative humidity, and globe temperature and cal-
culates the WBGT. All environmental conditions were moni-
tored and recorded at the beginning, middle, and end of each
practice session; if multiple practices were held on a single
day, the athletic trainer was asked to record data during both
sessions. For collecting data, the Heat Stroke Checker was
positioned in a sunny location, as near to the center of the
practice field as possible, at the appropriate recording time.
The reliability of each Heat Stroke Checker unit was evaluated
using a Tenney Environmental Chamber (Lunaire Environ-
mental, Williamsport, PA). We found strong correlations be-
tween the Heat Stroke Checker units and the environmental
chamber as well as among the 5 units when recording WBGT
(interclass r � 0.9930, intraclass r � 0.9993).

Data Analysis

Athletic trainers at all 5 schools submitted complete data on
the number of EHIs. However, because of equipment difficul-
ties, athletic trainers at only 4 schools submitted complete
WBGT data. Mean WBGT was calculated for each practice
based on the data reported by each institution. The number of
EHIs and athlete-exposures (AEs) were summed from all re-
porting institutions, and the rates of EHIs were computed by
dividing the total number of injuries by the total number of
AEs. All EHI incidence rates are reported by 1000 AEs. This
illness rate was calculated for each participating school and
for each month the data were collected. The incidence of EHI
for each ACSM Index Risk level (see Table 1) was based on
the mean practice WBGT.
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Table 2. Exertional Heat Illness Definitions5

Illness Definition

Heat cramps Intense pain and prolonged involuntary contractions of working muscles during an intense or prolonged bout of exer-
cise, often brought on by excessive water and electrolyte losses, neuromuscular fatigue, or any such combination
of these factors

Heat syncope Brought on by peripheral vasodilation, decreased venous return, pooling of blood in the lower extremities during pro-
longed standing, reduced cardiac output, and dehydration; brief loss of consciousness or orthostatic dizziness may
also be present

Heat exhaustion An inability to continue physical activity because of any of the following factors: profuse sweating, excessive water
and/or sodium loss, or muscular fatigue; this condition is often brought on by the cardiac system’s inability to deliv-
er sufficient blood volume to the peripheral tissues in order to maximize cooling and allow for continued work

Exertional heat stroke An elevated core temperature of �40�C (�104�F) due to the failure of the thermoregulatory system to control body
temperature; signs and symptoms usually include cessation of internal organ system function and changes in the
central nervous system (altered consciousness, coma, convulsions, disorientation, irrational behavior)

Exertional hyponatremia Dilution of sodium levels in the bloodstream due to excessive fluid intake, usually brought on by excessive sweating
during exertional activities in a warm or hot climate; signs and symptoms include blood sodium levels below 130
mMol/L, low sodium intake, excessive fluid intake (particularly water), altered mental status, disorientation, head-
ache, nausea/vomiting, and pulmonary and/or cerebral edema

Table 3. Total Exertional Heat Illnesses by Month

Month
No. of

Illnesses
Athlete-

Exposures

Illness Rate/
1000 Athlete-

Exposures
Percentage

of Total

August 122 13 625 8.95 88
September 17 10 005 1.70 12
October 0 9566 0.00 0
Total 139 33 196 4.19 100

Table 4. Total Exertional Heat Illnesses by Type

Illness Type
No. of

Illnesses
Illness

Rate, %

Illness Rate/
1000 Athlete-
Exposures*

Heat cramps 102 73.4 3.07
Heat exhaustion 29 21.0 0.87
Heat syncope 8 5.6 0.24
Hyponatremia 0 0.0 0.00
Exertional heat stroke 0 0.0 0.00
Total 139 4.19

*Total athlete-exposures � 33 196.

Table 5. August Exertional Heat Injuries

Date Cramps Exhaustion Syncope

Total
Exertional

Heat Illnesses Exposures

Incidence Rate/
1000 Athlete-

Exposures

Week 1 37 7 5 49 3205 15.29
Week 2 27 8 0 35 4514 7.75
Week 3 18 11 3 32 3634 8.81
Week 4 4 2 0 6 2272 2.64
Total 86 28 8 122 13 625 8.95
Incidence rate/1000

athlete-exposures 6.31 2.06 0.58
Percentage 70 23 7 100

RESULTS

Athletic trainers at participating institutions reported a total
of 139 EHIs during the 3-month period. The overall illness
rate was greatest in August, with a sharp decline in the fol-
lowing months. The EHIs accounted for 88% of all illnesses

in August and 12% in September; no EHIs were reported in
October (Table 3). Heat cramps were the most frequently re-
corded illness, followed by heat exhaustion and then heat syn-
cope (Table 4). We received no data from any school indicat-
ing an occurrence of heat stroke or hyponatremia in the
3-month period.

An evaluation of reported August EHIs shows that heat
cramps had the highest overall illness rate, with lower illness
rates found for heat exhaustion and heat syncope (Table 5).
Of all reported cases in August, 70% (86/122) were heat
cramps, 23% (28/122) were heat exhaustion, and 7% (8/122)
were heat syncope. The greatest risk of EHI to athletes oc-
curred during the first 3 weeks of practice: 84% (116/139) of
all reported EHIs and 95% (116/122) of all August EHIs oc-
curred during this time frame.

Wet Bulb Globe Temperature Indexes and
Risk Relationship

Mean WBGT during practice for August was 28.98� �
4.67�C for practice session 1 and 27.14� � 2.70�C for practice
session 2. Mean WBGT for each practice session was cate-
gorized by risk as outlined in the ACSM WBGT Risk Index
Scale (Table 6). A total of 54.4% (68/125) of all August prac-
tices were conducted in the extreme range based on the ACSM
scale. The numbers and types of EHI categorized by the
ACSM risk index levels based on WBGT are presented in
Table 7.
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Table 6. Practices in Each Category of the American College of
Sports Medicine Risk Index12

Heat Index Risk Practice 1 Practice 2

No risk 0 0
Low 1 0
Moderate 2 0
High 39 16
Extreme 60 8
Total* 102 24

*Wet bulb globe temperature data were not reported for 11 cases.

Table 7. Exertional Heat Illnesses by American College of Sports
Medicine Risk Index*

Heat
Index
Risk

Heat
Cramps

Heat
Exhaus-

tion Syncope
Athlete-

Exposures

Incidence
Rate/1000

Athlete-
Exposures

Low 0 0 0 1641 0
Moderate 5 0 0 4835 1.03
High 65 12 5 13 387 6.13
Extreme 22 16 3 7130 5.75
Total 92 28 8 26 993 4.74

*Wet bulb globe temperature may not have been reported with each
illness.

DISCUSSION

Five Division I universities participated in this study, with
4 providing complete environmental and EHI data over a 90-
day period in 2003. The data indicate that most EHIs occurred
during the first 3 weeks of August, with heat cramps exhibiting
the greatest illness rate. Heat exhaustion and heat syncope
were also noted but at much lower rates. No cases of hypo-
natremia or heat stroke were reported. The vast majority of
WBGT Index readings during all August practice sessions
were in the extreme-risk or high-risk category based on the
ACSM Risk Index.

Comparison of our data with those collected previously
gives a variety of results. During the 1996 US Olympic Trials
in Atlanta, GA, and the 1996 Atlanta Olympic Games, Mar-
tin20,21 monitored weather conditions and the number of heat-
related medical encounters. A heat-related medical encounter
was defined as 1 of 3 heat illnesses: heat exhaustion (including
dehydration, electrolyte imbalance, dizziness, weakness, fa-
tigue), heat cramps (painful muscle spasms), or heat syncope
(fainting). Hyponatremia and heat stroke were not considered.
The EHI risk rates for the Olympic Trials and the Olympics
were 2.84/1000 AEs and 2.93/1000 AEs, respectively. Medical
encounters related to EHIs were most common among athletes
competing in long-distance running events and race-walking
events, in which these illnesses collectively accounted for
30.6% (19/62) at the Olympic Trials and 52.9% (62/117) of
the total EHIs at the Olympic Games. Temperature averaged
24.5�C for the 13 men’s and women’s long-distance running
or walking events of the Olympic Trials and 22.7�C for the
1996 Olympics Games, correlating with the moderate- to high-
risk categories on the ACSM Risk Index. The average Heat
Stress Index value for all the track and field competitions dur-
ing the Olympic Trials was 28.8�C, which correlates with the
extreme-risk ACSM Risk Index category. Despite similar en-
vironmental conditions, the higher overall EHI rate seen in our

study, as compared with these, may be associated with the size
of the athletes or the protective equipment they wore.

The protective equipment worn by football players decreas-
es the ability of the body to cool itself.22 Kulka and Kenney22

presented data from 8 recreational athletes with maximal ox-
ygen consumption rates (V̇O2max) and body mass indexes
similar to those of professional football players. The partici-
pants walked on a treadmill at a speed eliciting 35% of
V̇O2max while temperature and humidity were systematically
increased and core body temperature was recorded. The test
was performed multiple times while the participants wore in-
creasing amounts of protective clothing (shorts only, practice
uniform, and a full football uniform). The participants were
better able to maintain core body temperature when they were
wearing less protective equipment. The consistent exercise
protocol used by these investigators, however, may have influ-
enced their findings. Fowkes Godek et al23 reported that cross-
country runners performing continuous exercise showed a
steady increase in core temperature. Football athletes perform-
ing intermittent exercise associated with practices were able to
dissipate some body heat during the rest periods.

The National Collegiate Athletic Association Injury Sur-
veillance System compiled EHI data regarding injuries in foot-
ball during the 2003–2004 sport season.24 In its ongoing study,
EHIs are defined as ‘‘time-loss’’ illnesses, thereby excluding
all incidents not requiring the athlete to miss practice time. As
a result, it does not seem likely that heat cramps would be
included as a time-loss illness, and only heat exhaustion and
heat stroke were reported. During the 2003–2004 season, ill-
ness rates of 0.18/1000 AEs and 0.01/1000 AEs for heat ex-
haustion and heat stroke, respectively, were reported. Although
the illness rate for heat exhaustion is considerably lower than
that seen in our data, it was based on 265 841 AEs as a rep-
resentation of all US Division I football programs during the
reporting year, whereas our data were based on 33 196 AEs.
The total of 265 841 AEs represents 12.4% of the total AEs
reported to the Association, which could reflect a potential
underreporting by Division I institutions to the Injury Sur-
veillance System during the same reporting period.

Although our study involved a significant number of AEs
when compared with other injury databases, our cohort is still
relatively small and localized to the southeastern United
States. Future projects including greater numbers of AEs from
other regions would be beneficial. Furthermore, previous au-
thors15,21 did not consider heat cramps as part of their reported
EHIs because they are often regarded as minor illnesses. The
inclusion of heat cramps in our study dramatically increased
the illness rate during the reporting period. In addition, the
epidemiologic design of this project places certain constraints
on data interpretation. Internal validity is reduced because we
could not control for factors such as athlete conditioning, ac-
climatization status, hydration, food consumption, or rest. We
also recognize that some athletes may have incurred more than
1 EHI during the study, but the rate of repeat occurrences was
not recorded. The inability to control for some factors, how-
ever, reflects what commonly occurs in the clinical practice,
making for high external validity.

We sought to track the rate of EHI and the associated
WBGT at 5 Division I football programs located within the
southeastern United States during the late summer and early
autumn of 2003. The multisite epidemiologic nature of this
research leads to certain limitations. Most importantly, we re-
lied on the correct usage and interpretation of the EHI defi-
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nitions we provided to the institutional medical staff. The pri-
mary data collector at each site was an athletic trainer;
however, each EHI was not confirmed by a physician. In ad-
dition, we assumed that each athlete suffering from an EHI
was able to identify it as such and report it to the medical staff
on hand. Finally, our study design did not require the athletic
trainer to measure core body temperature or serum sodium
levels at the time of illness. Thus, cases of hyponatremia or
exertional heat stroke may have occurred and not been re-
corded.

CONCLUSIONS

Based on the data collected, our results indicate that most
reported EHIs occurred during the first 3 weeks of practice in
August, with a dramatic decline in illness rates after this time.
This finding coincides with the beginning of football practice
and 2-a-day practices; it appears that once 2-a-day practices
conclude, the rate of EHI goes down. The WBGT readings
during practice sessions in August were consistently in the
high-risk or extreme-risk category of the ACSM Risk Index
for the entire month. No cases of hyponatremia or heat stroke
were reported during the study. The majority of the reported
EHIs were heat cramps, which are most often associated with
a lack of acclimatization or conditioning.25 Although we did
not measure the acclimatization status of the football athletes
in this study, this factor may have contributed to the high
number of EHIs in the early weeks of the study.

To decrease the number of heat-related illnesses, the Na-
tional Collegiate Athletic Association recently instituted a
mandatory 5-day acclimatization period. Some research indi-
cates, however, that a longer acclimatization period may be
needed. Several authors16,26–28 have proposed that an athlete
requires approximately 10 to 14 days to fully acclimatize to
environmental conditions and that the specific WBGT may not
play a significant role in the incidence rate of heat
cramps.16,27–29 Increasing the mandatory acclimatization pe-
riod in hot environments may reduce the incidence of EHIs.
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