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Context: Exertional heat illnesses (EHIs) among football
athletes have been widely researched, but data examining all
collegiate sports are limited.

Objective: To describe the epidemiology of EHI in 25
National Collegiate Athletic Association (NCAA) sports.

Design: Descriptive epidemiology study.
Setting: The NCAA Injury Surveillance Program during the

2009–2010 through 2014–2015 academic years.
Patients or Other Participants: A voluntary sample of 166

NCAA institutions over 2048 team-seasons.
Main Outcome Measure(s): Athletic trainers reported EHIs

to the NCAA Injury Surveillance Program. Only EHIs sustained
during a sanctioned practice or competition were included. The
EHI rate, specific diagnoses, and number of emergency
transports were measured.

Results: Overall, 232 EHI events were reported (0.47/
10 000 athlete-exposures [AEs]; 95% confidence interval [CI] ¼
0.41, 0.53). Football comprised 75% of all EHI events and had
the largest rate (1.55/10 000 AEs; 95% CI ¼ 1.32, 1.78). The
overall EHI rate was higher in preseason practices (1.16/10 000
AEs) than all other time periods (regular and postseason

practices and all competitions; 0.23/10 000 AEs, injury rate ratio
[IRR] ¼ 4.96; 95% CI ¼ 3.79, 6.50). This result was retained
when examining the individual sports of football (3.65/10 000
versus 0.63/10 000 AEs, IRR ¼ 5.82; 95% CI ¼ 4.18, 8.10),
men’s soccer (1.11/10 000 versus 0.07/10 000 AEs, IRR ¼
16.819; 95% CI ¼ 1.89, 138.55), and women’s soccer (1.10/
10 000 versus 0.05/10 000 AEs, IRR ¼ 22.52; 95% CI ¼ 2.77,
183.05). The EHI rates were highest in states with elevated
annual temperatures (1.05/10 000 AEs). Heat cramps (39%),
heat exhaustion (27%), and dehydration (29%) were the most
common types of EHI. Nineteen athletes with EHI (8%) required
emergency transport.

Conclusions: Football players continue to experience the
most EHIs; however, EHIs can potentially occur in all NCAA
sports. Continued emphasis on preseason EHI policies and
institution-specific environmental guidelines is needed to ad-
dress EHI rates.

Key Words: heat stroke, heat exhaustion, hyponatremia,
exercise-associated muscle cramps, American football, emer-
gency transport

Key Points

� Football players experienced the most exertional heat illness (EHI) events compared with athletes in all other sports
combined.

� Exertional heat illnesses occurred in almost all National Collegiate Athletic Association sports.
� The majority of EHI cases occurred during preseason practices. The states with the hottest average temperatures

had the highest EHI rates.

T
he term exertional heat illness (EHI) encompasses a
variety of distinct conditions, including exercise-
associated muscle cramps (also known as heat

cramps), heat exhaustion, heat syncope, and exertional heat
stroke (EHS). Also included in this category are clinical
concerns involving a variety of hydration levels, such as
hypohydration and hyperhydration (ie, hyponatremia).
Several groups1–6 have examined the epidemiology of
EHI, with several providing EHI diagnoses. In these
studies, exercise-associated muscle cramps accounted for
15% to 74% of EHIs, and exertional heat exhaustion, for
16% to 26% of cases.3–6 Exertional heat stroke had a lower

prevalence in the epidemiology literature but was respon-
sible for approximately 2% of all sport-related deaths7 and
approximately 15% of all football deaths annually.8 A total
of 61 football players died from EHS between 1995 and
2016, of whom 11 were collegiate athletes.9 Hypohydration
is prevalent, especially in team sports.10 Clinical hypona-
tremia is predominantly reported in marathons or similar
events but also exists in team sports.11 Each EHI has
associated concerns involving participation-restriction time
from sport, morbidity, and mortality, supporting the need
for updated epidemiologic research to determine patterns
and trends.
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To address EHI incidence and predisposing factors, the
National Collegiate Athletic Association (NCAA) mandat-
ed heat-acclimatization guidelines starting in 2003 and
practice changes in 2017. In addition, EHI-prevention
recommendations12,13 and hydration guidelines11,14 are
available that teams and support staffs can implement.
Despite guidelines and recommendations, the majority of
EHIs occurred in the preseason1–6 and during practices.1,2

Few authors have directly compared practice and compe-
tition rates,1,2,4 with one group4 finding different results
depending on the competition level.

Investigations of EHI have predominantly focused on
football.3–6 Of these, Yeargin et al4 examined football at
different competitive levels and found that collegiate
players had the highest EHI risk, but not rate, as compared
with youth and high school athletes. Yet when high school
football was compared with other sports, the rate of EHI
was approximately 11 times that of all other sports
combined.2 Whether this holds true in the collegiate setting
has not yet been determined. Studies analyzing EHI
patterns across all organized sports have been conducted
at the high school level or have been based on extrapolated
emergency room data.1,2,15 Other than football, sports with
the highest EHI rates were soccer, wrestling, basketball,
track, and lacrosse.1,2,15 However, the EHI injury rate at the
collegiate level is underexplored.

The epidemiology of EHI among adolescent sports and
football athletes has been widely researched. However, data
examining all collegiate sports do not exist. Therefore, the
primary purpose of our study was to describe the
epidemiology of EHI in 25 NCAA sports. The secondary
purpose was to determine whether differences existed by
sport, event, time in season, or temperate-state group.

METHODS

Research Design and Study Sample

A descriptive epidemiology design was used to examine
EHIs across NCAA sports. Exposures of interest were event
(ie, practices, competitions), time in season (ie, preseason,
regular season, postseason), sport (ie, football, all others),
and temperate-state groupings. Outcomes of interest were
frequency of EHI, injury rate, type of EHI, participation-
restriction time, and need for emergency transport.

The NCAA Injury Surveillance Program (NCAA-ISP)
collected data from a convenience sample of member
institutions across all 3 divisions (Football Bowl Subdivi-
sion and Football Championship Subdivision programs
included). All 25 sports of the NCAA are represented in the
surveillance program, and athletes, in general, were aged 18
to 23 years. The number of programs providing data varied
by year and sport, but 166 institutions provided 2048 team-
seasons.

Procedures and Outcome Measures

The NCAA-ISP prospectively collects data from institu-
tions that voluntarily participate across all sports. Our data
originated in the 2009–2010 through 2014–2015 academic
years. The study was approved by the research review
board of the NCAA. The methods using NCAA-ISP data
have been described in detail previously16 but are also
summarized below.

Athletic trainers (ATs) attended practices and competi-
tions and collected data on athlete-exposures (AEs) and
EHI incidents. An athlete-exposure was defined as 1 athlete
participating in 1 NCAA-sanctioned competition or prac-
tice. Injuries were recorded in real time through the
school’s chosen electronic health-documentation system.
Deidentified injury and exposure information were reported
using an export application that extracts common data
elements that are then aggregated for the NCAA-ISP.16

Exported data were verified by the application and flagged
if inconsistencies were identified. Data were then reviewed
by quality-assurance staff who worked with the ATs to
resolve inconsistencies. Verified data were downloaded into
the aggregate data set.

A reportable EHI had to have occurred as a result of
participation in a school-sanctioned practice or compe-
tition. The AT provided a report on the EHI including the
diagnosis, related circumstances, event type (practice or
competition), time in season (preseason, regular season,
postseason), and emergency transportation (needed, not
needed). Exertional heat illnesses were also categorized
by participation-restriction time (,24 hours, 1–6 days,
7–21 days, .21 days), the period during which the
athlete was restricted from participation (ie, date of
injury subtracted from the date of return). Non–time-loss
(NTL) injuries were defined as restricting participation
for ,24 hours, and severe injuries were defined as those
requiring .21 days of participation-restriction time or
causing a premature end to the season (eg, medical
disqualification). We included only EHI diagnoses as
determined by the ATs or team physicians and catego-
rized as (1) dehydration, (2) heat cramps, (3) heat
syncope, (4) hyponatremia, (5) exertional heat exhaus-
tion, or (6) EHS.

Because of the deidentified nature of the data provided to
the research team, we were unable to compute state-specific
EHI rates. However, with the assistance of the Datalys
Center for Sports Injury and Prevention, Inc (Indianapolis,
IN), which maintains the data, we obtained data that
classified injuries and exposures into 3 categories based on
state-specific average temperatures during the study period.
Temperature data originated from the National Oceanic and
Atmospheric Administration’s National Centers for Envi-
ronmental Information (Asheville, NC).17

Statistical Analysis

Exertional heat illness injury rates were calculated
overall, by event type (practice, competition), by time in
season (preseason, regular season, and postseason), by
sport (football, all other sports), and by temperate-state
tertiles (with tertile 1 being those states with the highest
average annual temperatures during the study period).
Descriptive analyses provided the injury frequencies and
rates per 10 000 AEs. Injury rate ratios (IRRs) compared
rates within sports by event type, time in season, and
temperate-state grouping. Injury proportion ratios (IPRs)
were used to compare proportions among groups. A priori,
we focused such comparisons on proportions in (1)
football preseason practices versus all other football time
periods, (2) football preseason practices versus preseason
practices in all other sports, and (3) preseason practices in
all other sports versus all other time periods in all other
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sports. All other time periods were defined as regular
season practices, postseason practices, preseason compe-
titions, regular season competitions, and postseason
competitions. Dehydration, heat syncope, and heat cramps
were grouped as mild EHI; and heat exhaustion,
hyponatremia, and EHS were grouped for statistical
comparisons only. All 95% confidence intervals (CIs) not
including 1.00 were considered significant. Data were
analyzed using SAS-Enterprise Guide software (version
5.4; SAS Institute Inc, Cary, NC).

RESULTS

Overall Injury Rate and Rates by Sport

During the 2009–2010 through 2014–2015 academic
years, a total of 232 EHI events occurred during 4 908 478
AEs recorded, resulting in an overall EHI rate of 0.47/
10 000 AEs. No EHI events occurred in men’s indoor track,
lacrosse, outdoor track, swimming and diving, and tennis
and women’s gymnastics. The majority of EHIs were NTL
(n¼ 82, 35%) or had participation-restriction time of 1 to 6
days (n ¼ 141, 61%). The remaining EHI cases involved
participation-restriction time of 7 to 21 days (n¼ 3, 1%) or
were severe (n¼ 4, 2%). Football accounted for 75% of all
EHIs reported and had a higher EHI rate than all other
sports combined (IRR ¼ 10.12; 95% CI ¼ 7.52, 13.62).

Event Type, Time in Season, and Temperate-State
Grouping

Most EHI events occurred during practices (72.8%, n ¼
169). However, the competition rate (0.70/10 000 AEs) was
higher than the practice rate (0.42/10 000 AEs, IRR¼ 1.65;
95% CI ¼ 1.23, 2.20; Table 1). Men’s sports had a higher
competition EHI rate, particularly in football, wrestling,
basketball, and cross-country. Women’s sports EHI rates
did not differ between practices and competitions, but the
majority of events occurred during practices (68%, n¼ 17).
Among both men’s and women’s soccer players, EHI
events occurred more often during practices. Football’s EHI
rate during practices was higher than that in all other sports
combined (IRR ¼ 12.16; 95% CI ¼ 8.31, 17.79).

Most EHIs were reported in the preseason (64.7%, n ¼
150); half that number were reported in the regular season
(32.3%, n ¼ 75). The overall EHI rate was higher during
preseason practices (1.16/10 000 AEs) than during all other
time periods (0.23/10 000 AEs, IRR¼ 4.96; 95% CI¼ 3.79,
6.50; Table 2). This result was retained when we examined
the individual sports of football and men’s and women’s
soccer. Postseason rates were low (0.03/10 000 AEs; 95%
CI¼ 0.01, 0.05) for all sports. The proportion of EHIs that
resulted in NTL injuries (20.0%) during football preseason
practices was lower than the proportion of EHI that resulted
in NTL injuries during all other time periods in football
(63.3%; IPR ¼ 0.32; 95% CI ¼ 0.21, 0.48) and during
preseason practices in all other sports (44.0%; IPR¼ 0.45;

Table 1. Exertional Heat Illness Counts and Rates Among Student-Athletes in 25 Sports by Event Type: National Collegiate Athletic

Association Injury Surveillance Program, 2009–2010 Through 2014–2015

Sport

Count Rate per 10 000 Athlete-Exposuresa (95% CI) Injury Rate Ratio

(95% CI): Practices

Versus CompetitionsPractices Competitions Total Practices Competitions Total

Men’s football 136 38 174 1.34 (1.12, 1.57) 3.47 (2.37, 4.58) 1.55 (1.32, 1.78) 2.59 (1.81, 3.71)

Men’s wrestling 1 2 3 0.11 (0.00, 0.32) 1.83 (0.00, 4.36) 0.29 (0.00, 0.61) 17.14 (1.55, 189.08)

Women’s field hockey 0 1 1 0.00 0.85 (0.00, 2.51) 0.20 (0.00, 0.60) NA

Women’s indoor track 1 0 1 0.07 (0.00, 0.21) 0.00 0.07 (0.00, 0.19) NA

Women’s lacrosse 1 0 1 0.08 (0.00, 0.25) 0.00 0.07 (0.00, 0.20) NA

Women’s outdoor track 3 3 6 0.36 (0.00, 0.76) 1.79 (0.00, 3.82) 0.59 (0.12, 1.07) 5.04 (1.02, 24.97)

Women’s swimming

and diving 1 0 1 0.07 (0.00, 0.20) 0.00 0.06 (0.00, 0.18) NA

Women’s tennis 1 1 2 0.28 (0.00, 0.82) 0.94 (0.00, 2.79) 0.43 (0.00, 1.03) 3.39 (0.21, 54.17)

Women’s volleyball 1 0 1 0.07 (0.00, 0.20) 0.00 0.05 (0.00, 0.15) NA

Men’s baseball 2 3 5 0.14 (0.00, 0.33) 0.36 (0.00, 0.76) 0.22 (0.03, 0.41) 2.55 (0.43, 15.25)

Women’s softball 0 1 1 0.00 0.12 (0.00, 0.37) 0.05 (0.00, 0.14) NA

Men’s basketball 6 6 12 0.26 (0.05, 0.48) 0.96 (0.19, 1.72) 0.41 (0.18, 0.65) 3.61 (1.16, 11.20)

Women’s basketball 2 0 2 0.10 (0.00, 0.25) 0.00 0.08 (0.00, 0.19) NA

Men’s cross-country 1 2 3 0.17 (0.00, 0.52) 3.69 (0.00, 8.81) 0.48 (0.00, 1.02) 21.12 (1.92, 232.95)

Women’s cross-country 0 2 2 0.00 4.01 (0.00, 9.57) 0.35 (0.00, 0.84) NA

Men’s ice hockey 0 2 2 0.00 0.20 (0.00, 0.48) 0.05 (0.00, 0.12) NA

Women’s ice hockey 1 0 1 0.09 (0.00, 0.28) 0.00 0.07 (0.00, 0.20) NA

Men’s soccer 5 1 6 0.33 (0.04, 0.62) 0.24 (0.00, 0.71) 0.31 (0.06, 0.56) 0.73 (0.09, 6.24)

Women’s soccer 7 1 8 0.34 (0.09, 0.60) 0.15 (0.00, 0.45) 0.30 (0.09, 0.50) 0.45 (0.06, 3.64)

Men’s sports overallb 14 14 28 0.10 (0.05, 0.15) 0.37 (0.18, 0.56) 0.15 (0.10, 0.21) 3.83 (1.83, 8.04)

Women’s sports overallb 17 8 25 0.14 (0.07, 0.21) 0.24 (0.07, 0.41) 0.16 (0.10, 0.23) 1.72 (0.74, 3.99)

Overall totalc 169 63 232 0.42 (0.36, 0.49) 0.70 (0.52, 0.87) 0.47 (0.41, 0.53) 1.65 (1.23, 2.20)

Abbreviations: CI, confidence interval; NA, not applicable.
a One student-athlete participating in 1 practice or 1 competition.
b Includes only sex-comparable sports (baseball and softball, basketball, cross-country, ice hockey, indoor track, lacrosse, outdoor track,

soccer, swimming and diving, and tennis).
c No exertional heat illnesses were reported in men’s indoor track, lacrosse, outdoor track, swimming and diving, and tennis and women’s

gymnastics.
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95% CI ¼ 0.26, 0.80; Figure 1). Among all non-football
sports, the proportion of EHIs that resulted in NTL injuries
did not differ between preseason practices and all other
time periods (IPR¼0.97; 95% CI¼0.54, 1.73). A total of 4
severe cases (ie, .21 days of participation restriction) of
EHI were reported in the sample; 2 occurred during football
preseason practices and 2 during the regular season in
men’s wrestling and women’s outdoor track.

Most EHIs were reported in the temperate-state grouping
with the highest average temperatures (45.7%, n ¼ 106).
The overall EHI rate was higher in temperate-state group 1
(1.05/10 000 AEs) than in temperate-state groups 2 and 3
combined (0.33/10 000 AEs, IRR ¼ 3.16; 95% CI ¼ 2.44,
4.10; Table 3). Findings were similar when stratified by
sport and time in season.

Type of EHI and Emergency Transportation

Heat cramps (38.8%), heat exhaustion (27.2%), and
dehydration (28.9%) were the most common EHI types
reported (Table 4). The proportion of heat exhaustion, EHS,
and hyponatremia cases (35.2%) during football preseason
practices was higher than that during all other time periods
in football (16.3%; IPR¼2.16; 95% CI¼1.10, 4.24; Figure
2) but did not differ from that during preseason practices in
all other sports (28.0%; IPR¼ 1.26; 95% CI¼ 0.64, 2.46).
Among all non-football sports, the proportions of heat
exhaustion, EHS, and hyponatremia cases did not differ

between preseason practices and all other time periods (IPR
¼ 1.16; 95% CI ¼ 0.48, 2.76).

Nineteen patients with EHI (8%) required emergency
transport: 9 in football and 2 each in men’s cross-country
and women’s outdoor track and field. The diagnoses for
those requiring emergency transport were dehydration (n¼
7), heat cramps (n ¼ 6), heat exhaustion (n ¼ 5), heat
syncope (n¼ 1), and hyponatremia (n¼ 1). The percentage
of EHI patients requiring emergency transport varied
during preseason football practices and for all other sports
and all other time periods (Figure 3).

DISCUSSION

Overall Injury Rate and Sport

Although the overall rate of EHIs was low when
compared with other injuries in collegiate athletes, EHS
remained in the top 4 causes of death in this population,18

justifying the need to determine compliance with current
policies and consider developing more policies based on
injury-rate trends for EHI. Our data demonstrated higher
rates of EHI in football than in all other sports, consistent
with the high school level of play.2 Coupled with previous
findings,4 continued concern and additional policies for this
level of sport are recommended.

Most non-football sports (75%, n ¼ 18) experienced an
EHI event. Sports with relatively higher EHI rates were

Table 2. Exertional Heat Illness Counts and Rates Among Student-Athletes in 25 Sports by Time in Season: National Collegiate Athletic

Association Injury Surveillance Program, 2009–2010 Through 2014–2015

Sport

Count Rate per 10 000 Athlete-Exposuresa (95% CI) Injury Rate Ratio

(95% CI): Preseason

Practice Versus All

Other Time Periods

Practice Competition
Preseason

Practice

All Other

Time PeriodsbPre Regular Post Pre Regular Post

Men’s football 125 11 0 0 37 1 3.65 (3.01, 4.29) 0.63 (0.45, 0.80) 5.82 (4.18, 8.10)

Men’s wrestling 1 0 0 0 1 1 0.35 (0.00, 1.04) 0.28 (0.00, 0.67) 1.25 (0.11, 13.76)

Women’s field hockey 0 0 0 0 1 0 0.00 0.28 (0.00, 0.82) NA

Women’s indoor track 1 0 0 0 0 0 0.14 (0.00, 0.40) 0.00 NA

Women’s lacrosse 0 1 0 0 0 0 0.00 0.10 (0.00, 0.30) NA

Women’s outdoor track 1 1 1 0 2 1 0.42 (0.00, 1.24) 0.74 (0.09, 1.39) 0.56 (0.07, 4.83)

Women’s swimming and diving 0 1 0 0 0 0 0.00 0.09 (0.00, 0.26) NA

Women’s tennis 1 0 0 0 1 0 0.96 (0.00, 2.84) 0.29 (0.00, 0.84) 3.36 (0.21, 53.79)

Women’s volleyball 1 0 0 0 0 0 0.21 (0.00, 0.63) 0.00 NA

Men’s baseball 0 1 1 0 2 1 0.00 0.33 (0.04, 0.63) NA

Women’s softball 0 0 0 0 1 0 0.00 0.07 (0.00, 0.21) NA

Men’s basketball 5 1 0 0 6 0 0.80 (0.10, 1.51) 0.32 (0.08, 0.55) 2.54 (0.80, 7.99)

Women’s basketball 1 1 0 0 0 0 0.19 (0.00, 0.56) 0.05 (0.00, 0.16) 3.56 (0.22, 56.95)

Men’s cross-county 1 0 0 0 1 1 0.87 (0.00, 2.57) 0.43 (0.00, 1.03) 2.02 (0.18, 22.25)

Women’s cross-country 0 0 0 0 2 0 0.00 0.46 (0.00, 1.10) NA

Men’s ice hockey 0 0 0 0 2 0 0.00 0.05 (0.00, 0.13) NA

Women’s ice hockey 1 0 0 0 0 0 0.55 (0.00, 1.64) 0.00 NA

Men’s soccer 5 0 0 0 1 0 1.11 (0.14, 2.08) 0.07 (0.00, 0.20) 16.19 (1.89, 138.55)

Women’s soccer 7 0 0 0 1 0 1.10 (0.29, 1.92) 0.05 (0.00, 0.15) 22.52 (2.77, 183.05)

Men’s sports overallc 11 2 1 0 12 2 0.25 (0.10, 0.40) 0.13 (0.07, 0.19) 2.02 (0.95, 4.31)

Women’s sports overallc 12 4 1 0 7 1 0.30 (0.13, 0.46) 0.12 (0.05, 0.18) 2.53 (1.15, 5.54)

Overall totald 150 17 2 0 58 5 1.16 (0.97, 1.34) 0.23 (0.18, 0.28) 4.96 (3.79, 6.50)

Abbreviations: CI, confidence interval; NA, not applicable; Post, postseason; Pre, preseason.
a One student-athlete participating in 1 practice or 1 competition.
b All other time periods include regular season practices, postseason practices, preseason competitions, regular season competitions, and

postseason competitions.
c Includes only sex-comparable sports (baseball and softball, basketball, cross-country, ice hockey, indoor track, lacrosse, outdoor track,

soccer, swimming and diving, and tennis).
d No exertional heat illnesses were reported in men’s indoor track, lacrosse, outdoor track, swimming and diving, and tennis and women’s

gymnastics.
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women’s outdoor track, men’s basketball, and men’s and
women’s soccer. This is in contrast to sports at the
secondary school level (ie, field hockey, lacrosse, volley-
ball, and wrestling).2 Soccer’s sport dynamics—endurance
play mixed with anaerobic spurts on large fields—could be
a primary contributor. The basketball findings were
surprising for an indoor sport given air conditioning and
small courts. On further evaluation, the majority of
basketball EHIs were isolated incidences of dehydration,
which is consistent with previous research19 in the same
population. If EHI prevention and treatment resources are
not already in place, health care providers for outdoor track
and soccer should use our data to support the need for more
resources. Of the sports with no EHIs, those played in
indoor venues can be logically explained. However,
surprising results occurred in men’s tennis, outdoor track,
and lacrosse. This could be explained by the season in

which they are played. Lacrosse is a spring sport (February
through May), and outdoor track and tennis spread across
fall and spring with a winter break (September through
May). Health care providers for all sports should have
prevention strategies and education plans in place to
minimize the most prevalent EHIs in their sport.

The majority of EHIs resulted in 1 to 6 days of
participation restriction from sport activities, consistent
with previous research1 examining EHIs in high school
athletes. The majority of EHI patients (ie, those with heat
cramps, dehydration, or heat syncope) return to play within
this time frame.13 The percentage of patients requiring 7 to
21 days before returning to sport (ie, those with more
severe injuries) was lower than in the previously mentioned
high school study (3% versus 13%).1 Collegiate health care
teams minimize the number of athletes requiring moderate
and severe participation-restriction time from EHI, possibly

Figure 1. Distribution of participation-restriction time for exertional heat illnesses among student-athletes in 25 sports: National
Collegiate Athletic Association Injury Surveillance Program, 2009–2010 through 2014–2015. Note: All other time periods consists of regular
season practices, postseason practices, preseason competitions, regular season competitions, and postseason competitions.

Table 3. Exertional Heat Illness Rates Among Student-Athletes in 25 Sports by Temperate-State Group: National Collegiate Athletic

Association Injury Surveillance Program, 2009–2010 Through 2014–2015

Temperate-State

Groupa

Rate per 10 000 Athlete-Exposuresb (95% Confidence Interval)

Football Preseason

Practices

Football - All Other

Time Periodsc

All Other Sports -

Preseason Practices

All Other Sports -

All Other Time Periodsc Total

1 9.21 (6.93, 11.48) 1.23 (0.70, 1.75) 0.46 (0.17, 0.74) 0.22 (0.09, 0.34) 1.05 (0.85, 1.25)

2 3.75 (2.60, 4.89) 0.51 (0.22, 0.8) 0.19 (0.04, 0.33) 0.08 (0.02, 0.14) 0.43 (0.33, 0.54)

3 1.28 (0.73, 1.82) 0.43 (0.22, 0.64) 0.21 (0.07, 0.35) 0.11 (0.05, 0.16) 0.26 (0.20, 0.33)

a Temperate region: 1 (AR, AZ, DC, DE, FL, GA, HI, KS, KY, LA, MO, MS, NC, OK, SC, TN, TX), 2 (AL, CA, CT, IA, IL, IN, MD, NE, NJ, NM,
NV, OH, RI, SD, UT, VA, WV), 3 (AK, CO, ID, MA, ME, MI, MN, MT, ND, NY, NH, OR, PA, VT, WA, WI, WY).

b One student-athlete participating in 1 practice or 1 competition.
c All other time periods included regular season practices, postseason practices, preseason competitions, regular season competitions, and

postseason competitions.
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due to treatment interventions and more liberal return-to-

play protocols. Health care providers working with patients

recovering from EHI should remember that due to the

nature of some conditions, certain athletes may require

extended return-to-play time frames.

Event Type, Time in Season, and Temperate Region

Most EHI events occurred during practices, but the
competition rate was larger than the practice rate. This
difference is likely due to the greater number of practices
overall and the higher intensities attributed to competition.

Table 4. Exertional Heat Illness Diagnosis and Emergency Transports Among Student-Athletes in 25 Sports: National Collegiate Athletic

Association Injury Surveillance Program, 2009–2010 Through 2014–2015, n (%)

Sport

Exertional Heat Illness Cases

Cases Requiring

Emergency Transport

Dehydration

(Isolated) Heat Cramps

Heat

Syncope

Heat

Exhaustion Hyponatremia Heat Stroke

Men’s football 43 (24.7) 75 (43.1) 4 (2.3) 50 (28.7) 1 (0.6) 1 (0.6) 9 (5.2)

Men’s wrestling 2 (66.7) 0 0 1 (33.3) 0 0 1 (33.3)

Women’s field hockey 0 0 0 1 (100.0) 0 0 0

Women’s indoor track 0 0 0 1 (100.0) 0 0 0

Women’s lacrosse 0 0 1 (100.0) 0 0 0 0

Women’s outdoor track 3 (50.0) 1 (16.7) 0 2 (33.3) 0 0 2 (33.3)

Women’s swimming and diving 1 (100.0) 0 0 0 0 0 0

Women’s tennis 0 1 (50.0) 0 1 (50.0) 0 0 0

Women’s volleyball 0 1 (100.0) 0 0 0 0 0

Men’s baseball 0 2 (40.0) 1 (20.0) 1 (20.0) 1 (20.0) 0 1 (20.0)

Women’s softball 1 (100.0) 0 0 0 0 0 0

Men’s basketball 9 (75.0) 3 (25.0) 0 0 0 0 0

Women’s basketball 1 (50.0) 0 1 (50.0) 0 0 0 0

Men’s cross-country 1 (33.3) 1 (33.3) 0 0 1 (33.3) 0 2 (66.7)

Women’s cross-country 1 (50.0) 0 0 1 (50.0) 0 0 1 (50.0)

Men’s ice hockey 1 (50.0) 1 (50.0) 0 0 0 0 1 (50.0)

Women’s ice hockey 1 (100.0) 0 0 0 0 0 0

Men’s soccer 1 (16.7) 4 (66.7) 0 1 (16.7) 0 0 1 (16.7)

Women’s soccer 2 (25.0) 1 (12.5) 1 (12.5) 4 (50.0) 0 0 1 (12.5)

Total (% of total)a 67 (28.9) 90 (38.8) 8 (3.4) 63 (27.2) 3 (1.3) 1 (0.4) 19 (8.2)

a % of total was calculated from 232 exertional heat illness events. Sports included in the analyses but with no reported cases of exertional
heat illness were men’s indoor track, lacrosse, outdoor track, swimming and diving, and tennis and women’s gymnastics.

Figure 2. Distribution of diagnoses for exertional heat illnesses among student-athletes in 25 sport-by-sport comparisons: National
Collegiate Athletic Association Injury Surveillance Program, 2009–2010 through 2014–2015. Note: All other time periods consists of regular
season practices, postseason practices, preseason competitions, regular season competitions, and postseason competitions.
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Athletic trainers should be prepared for all types of EHIs in
both event settings given that each requires a different
logistical preparation. For example, in the practice setting, a
cold-water immersion tub may be better situated as a
permanent fixture on the practice field versus a competition
with sideline restrictions. In contrast, competition situations
may allow for more personnel to be on-site to aid in
intravenous fluid treatments as compared with daily
practices.

The current results were consistent with prior epidemi-
ologic research2,6,15 that established the highest EHI rates
occurring in the preseason. Our findings highlight the large
magnitude of EHI differences between football preseason
practices and all other time periods. Football’s practice EHI
rate was 11 times larger than that of all other sports
combined. These data highlight the need to ensure that
current policies aiming to reduce the rate of EHIs during
practices in football are implemented correctly. At the high
school level, only a small percentage of football programs
(2.9%) fully complied with recommended EHI-prevention
policies.20 Moreover, because our findings also suggest a
larger relative rate of EHI events during preseason practices
compared with other times in the season in additional sports
such as men’s and women’s soccer, sport-specific heat-
safety policies for those activities are needed because none
currently exist.21 Adapting EHI prevention guidelines from
football to these sports will provide an important founda-
tion for safe participation.

To further explore the rate of EHI events, we examined
injury rate by state groupings on the basis of average
temperatures during the study period. This not only aligns
our results with recent research suggesting that average
state temperatures are associated with the incidence of EHI
events22 but also promotes greater clinical applicability so
that ATs can find meteorologic data17 and create state-

specific guidelines for their institutions. It is not surprising
that the group whose states reported the highest average
temperatures had higher EHI rates than the other 2 groups.
This finding was maintained when data were stratified by
sport and time in season. Our epidemiologic study provides
strong support for several meteorologic studies6,22,23 that
have indicated the need for environmental conditions
specific to the state and institution to be evaluated and
used as a primary prevention intervention instead of a
secondary strategy. From an injury-surveillance standpoint,
acquiring data on institution-specific environmental condi-
tions for each exposure would help provide better insight
into the environment’s role in EHI rates; however, this may
increase the workloads of those individuals who serve as
data collectors. Continued discussion on how to collect
such data while not overburdening data collectors is
warranted.

Types of EHIs and Emergency Transportation

Similar to our results, earlier researchers3,6 noted that the
majority of collegiate EHIs reported by ATs were heat
cramps or heat exhaustion. Current etiologic theories of
heat cramps are weakly supported, but they are the primary
focus of clinicians in athletic settings.24 Evidence-support-
ed causes must be identified so that we can develop
effective prevention methods. Hydration and sodium levels
are contributing factors to heat exhaustion13 and hypona-
tremia.11 Assessments of hydration knowledge among
collegiate athletes have not shown promising results,25,26

and educational interventions in this population are
scarce.27 To avoid both clinical concerns, hydration
education for athletes and support staff should be developed
by each institution’s health care providers.14 We encourage
ATs to use the updated National Athletic Trainers’
Association (NATA) position statement on fluid replace-

Figure 3. Percentage of patients with exertional heat illnesses requiring emergency transport among student-athletes in 25 sport-by-
sport comparisons: National Collegiate Athletic Association Injury Surveillance Program, 2009–2010 through 2014–2015. Note: All other
time periods consists of regular season practices, postseason practices, preseason competitions, regular season competitions, and
postseason competitions.

Journal of Athletic Training 61



ment14 to determine contemporary strategies for addressing
these EHIs at their institutions. One case of EHS and 3
cases of hyponatremia were reported in our data set, but the
National Center for Catastrophic Sports Injury Research28

noted more than 15 instances of EHS from schools not
within the sample and no hyponatremia cases during the
same time period. Of note, 3 patients lost 7 to 21 days of
time and 4 lost .21 days. However, none of these were the
reported EHS or hyponatremia cases in our sample. This
provides a learning opportunity for readers to make sure
they understand the nuances of different EHIs to accurately
diagnose conditions. Updated standard definitions of these
conditions are provided in the NATA position statement,13

and ATs should make sure they are using the correct term
for the presentation of the EHI.

The need for emergency transport in the current study
was higher than demonstrated by previous EHI research-
ers.4,29 Even though only 1 case of EHS was reported, 19
patients with EHI required emergency transport. Health
care professionals commonly struggle to give an exact heat-
related diagnosis, as noted in 52% of emergency room
cases.15 The NATA recommended that EHS be determined
via rectal temperature greater than 1048F (408C) and central
nervous system dysfunction.13 Yet few ATs used rectal
temperature to assess patients with possible EHS.20 This
could explain the difference between reported EHS cases
and emergency medical services transports. Furthermore, 3
individuals with potentially life-threatening conditions in
this study were not transported; the reasons are unknown.
Continued efforts to implement the use of algorithms13 with
accurate assessment equipment and improve knowledge of
how to diagnose life-threatening EHIs are needed.

Exertional heat stroke, hyponatremia, and heat exhaus-
tion occurred more often during preseason football
practices than during all other time periods in the sport.
However, emergency transports were few. This could be
interpreted as ATs who provided care for football players
being more prepared and comfortable managing EHI than
ATs working with other teams. The number of emergency
transports increased for all sports during all other time
periods. Despite the knowledge that EHI can occur in
‘‘normal’’ regular season environmental conditions,13 there
may be a perception of decreased risk. Regardless of
season, ATs for all sports need appropriate resources
available for managing EHI. The reported patient with EHS
surprisingly did not require emergency transport, which
deviates from NATA guidelines.13 Specific reasons emer-
gency transport is used or not used for patients with EHI
should be further examined to reduce unnecessary or
missed transportation scenarios.

Current and Future Development of EHI Prevention-
Related Policies

Additional best practices12,13 could be adopted via
national or institutional policies and with regard to
participation-restriction time to minimize the incidence of
EHI. Areas for improvement could include the length of
practice and environmental conditions. The majority of
EHIs occur after 2 hours,2 but the current policy allows for
3-hour practices. The common denominator between
football and soccer is the environmental condition in
August. Exertional heat illnesses occur as environmental

conditions rise above 828F (288C).3,5,6 Regional variations
are important to consider; however, the region’s mean and
extreme deviations from it are the primary factors in EHS.22

Future policy changes should require schools to use a
practice-modification table based on environmental condi-
tions that adjusts length and break intervals but allows the
school to use a region-specific table.

The NCAA Sports Medicine Handbook21 provides
additional EHI prevention recommendations, but these are
not included in the NCAA bylaws.30 No significant changes
were made to the preseason guidelines until the recent
(2017) elimination of 2-a-day practices. This change may
help to minimize players’ exposure to heat, and it highlights
the value of injury-surveillance data in forming safety
policy. Future comparisons of these sports will indicate
whether elimination of 2-a-day practices in football was
effective in lowering the EHI incidence. Yet higher EHI
rates during the preseason were consistent across sports,
and the recent rule change affects only football. Sport-
specific guidelines should be clearly stipulated in the
bylaws.

Limitations

Exertional heat illness was infrequent, which limited our
ability to further examine sport-specific differences.
Although our findings were consistent with previous
research,1,2,4,5 the results from our convenience sample
may not be generalizable to the entire collegiate student-
athlete population or to other levels of competition. This is
particularly important to note because our convenience
sample may have demonstrated a distribution of EHI
diagnoses that may not be generalizable to the population.
To maintain the anonymity of institutions, we could not
provide the sample’s geographic breakdown. Given this
anonymity, we assumed that each institution adhered to the
national guidelines, but we do not know if institution-
specific guidelines were followed. In addition, a standard
definition of each EHI diagnosis was not provided;
however, we relied on the expertise of the ATs supplying
the data. Finally, the EHI data did not include environ-
mental conditions and, therefore, what influence these
conditions had on EHI rates is unknown. Future researchers
should consider improving upon these limitations.

CONCLUSIONS

Particularly during preseason practices, football players
continued to experience the most EHI cases compared with
athletes in all other sports. Therefore, enhancing preseason
EHI-prevention policies for football is warranted. Exer-
tional heat illness can occur in almost all NCAA sports;
thus, sport-specific policies that address EHI should
encompass all fall sports. The states with the hottest
average temperatures had the highest EHI rates. The NCAA
and its institutions should develop region-specific environ-
mental practice-modification guidelines.
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