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Context: Previous researchers have not investigated the
thermoregulatory responses to multiple consecutive days of
American football in adolescents.

Objective: To examine the thermoregulatory and hydration
responses of high school players during formal preseason
football practices.

Design: Observational study.
Setting: Players practiced outdoors in late August once per

day on days 1 through 5, twice per day on days 6 and 7, and
once per day on days 8 through 10. Maximum wet bulb globe
temperature averaged 23 6 46C.

Patients or Other Participants: Twenty-five heat-acclima-
tized adolescent boys (age 5 15 6 1 years, height 5 180 6
8 cm, mass 5 81.4 6 15.8 kg, body fat 5 12 6 5%, Tanner
stage 5 4 6 1).

Main Outcome Measure(s): We observed participants
within and across preseason practices of football. Measures
included gastrointestinal temperature (TGI), urine osmolality,
sweat rate, forearm sweat composition, fluid consumption,
testosterone to cortisol ratio, perceptual measures of thirst,
perceptual measures of thermal sensation, a modified Environ-
mental Symptoms Questionnaire, and knowledge question-
naires assessing the participants’ understanding of heat

illnesses and hydration. Results were analyzed for differences
across time and were compared between younger (14–15 years,
n 5 13) and older (16–17 years, n 5 12) participants.

Results: Maximum daily TGI values remained less than 406C
and were correlated with maximum wet bulb globe temperature
(r 5 0.59, P 5 .009). Average urine osmolality indicated that
participants generally experienced minimal to moderate hypo-
hydration before (881 6 285 mOsmol/kg) and after (856 6
259 mOsmol/kg) each practice as a result of replacing
approximately two-thirds of their sweat losses during exercise
but inadequately rehydrating between practices. Age did not
affect most variables; however, sweat rate was lower in younger
participants (0.6 6 0.2 L/h) than in older participants (0.8 6
0.1 L/h) (F1,18 5 8.774, P 5 .008).

Conclusions: Previously heat-acclimatized adolescent boys
(TGI , 406C) can safely complete the initial days of preseason
football practice in moderate environmental conditions using
well-designed practice guidelines. Adolescent boys replaced
most sweat lost during practice but remained mildly hypohy-
drated throughout data collection, indicating inadequate hydra-
tion habits when they were not at practice.

Key Words: fluid, gastrointestinal temperature, hormones,
sweat, Tanner stage, heat acclimatization

Key Points

N Heat-acclimatized adolescent boys can safely participate in the initial days of preseason football practice in moderate
environmental conditions with well-designed practice guidelines.

N Core body temperature and sweat rates in this population appeared to be primarily influenced by environmental
conditions.

N Although participants hydrated enough during practice sessions to avoid exacerbating their prepractice hypohydration,
they hydrated inadequately between practices and, thus, remained mildly hypohydrated throughout the preseason.

N Younger players demonstrated lower sweat rates and lower morning testosterone to cortisol ratios than older players, but
maximum gastrointestinal temperature did not differ between age groups.

N Except for a superficial understanding that adequate hydration benefits exercise performance, participants had little
knowledge of hydration physiology and exertional heat illnesses.
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A
merican football is the most popular sport played
by high school males.1 Exertional heat illnesses are
an ever-present danger during the twice-daily

preseason practices of many training programs. Multiple
successful strategies can decrease the risks associated with
intense exercising in the heat while players are wearing full
equipment. For example, the National Collegiate Athletic
Association (NCAA)2,3 instituted regulations in 2003 that
effectively phased variables, such as equipment, duration,
and recovery, into preseason college football practices to
safely enhance heat acclimatization. Collegiate players
demonstrated beneficial physiologic changes during heat
acclimatization and remained within ‘‘safe’’ core body
temperatures.2,3 Despite this success, governing bodies for
high school and junior high school football programs have
not uniformly adopted or implemented similar regulations.
Written guidelines, such as those instituted by the NCAA,
are important, because the demands of football (exercise
intensity; environmental conditions; equipment require-
ments; and, in some cases, body somatotype) may
predispose players to developing hyperthermia.4,5 Colle-
giate players’ body temperatures respond to activity and
rest periods, as well as environmental conditions.5–7

However, only 1 preliminary study8 has documented core
temperature responses in high school football players
during preseason practices.

Hypohydration impairs and delays the thermoregulatory
benefits characteristic of heat acclimatization and physical
fitness.9–11 Investigators have documented hydration status
and related variables in professional and collegiate football
players, but few researchers have examined high school
athletes12 or have compared different age groups within
adolescence.13 Examining this population is especially
important considering (1) the significant hypohydration
noted in collegiate football players3,7,14 and (2) the
regularity with which prepubescent and pubescent athletes
initiate exercise in a hypohydrated condition.13,15 There-
fore, the purpose of our study was to examine thermoreg-
ulation and hydration status of heat-acclimatized adoles-
cent high school football players during preseason practices
and to determine if any differences existed between
younger and older adolescents. We hypothesized that
environmental conditions would be strongly correlated
with many thermoregulatory and fluid-related variables,
maximum gastrointestinal temperature (TGI) would not
differ between age groups, sweat rates (SRs) would be
lower in younger than in older participants, the testoster-
one to cortisol ratio (T:C) before practice began each day
(AM) would not differ between age groups, and hydration
status would not change within practice sessions.

METHODS

Participants

Twenty-five healthy male high school football players
volunteered to participate in this study (Table 1). Participants
were divided into 2 groups: younger players (aged 14–
15 years) and older players (aged 16–17 years). All
participants played ‘‘first string’’ for the varsity, junior
varsity, or freshman football teams at a private high school
in the northeastern United States. Positions were not
represented in large enough numbers to explore possible
differences in variables among positions. However, both
younger and older participants had representation in each
player position. Exclusion criteria included obstructive
gastrointestinal disease (eg, diverticulitis, inflammatory bowel
disease), previous major gastrointestinal surgery, hypersensi-
tive gag reflex, or scheduled magnetic resonance imaging
scan. Participants and their parents or guardians attended an
orientation meeting during which we described the investiga-
tion. Participants and their parents or guardians signed an
informed consent document, and the study was approved by
the university’s institutional review board. Volunteers also
completed medical questionnaires and preparticipation phys-
ical examinations. These questionnaires included questions
about any history of heat illness and medications that might
influence thermoregulation. Reviewing physicians (including
author J.M.A.) did not identify these issues in any
participant. Height, mass, body fat percentage (via skinfold
analysis16), recent exercise history, a heat and hydration
knowledge questionnaire, and a hydration habits question-
naire were collected before practice initiation.

All individuals voluntarily participated in a structured
summer conditioning program that was developed and
recorded by the assistant football coaches and that
occurred during the 8 weeks leading up to preseason
practice and data collection (Table 2). During the pro-
gram, the athletes regularly participated approximately 3
to 5 times per week for approximately 2 to 5 hours per day
in warm to hot environmental conditions. The ranges of
days and hours represent the minimum encouraged by the
coaches and the maximum players experienced during
voluntary practices. Individual players’ involvement var-
ied; however, coaches recorded and tracked players’
completion of the program. Participant compliance with
this program promoted heat acclimatization and physical
fitness before data collection. As investigators played no
role in preseason conditioning, we acknowledge that the
assumption of equivalent acclimatization for all partici-
pants represents a potential study limitation.

Table 1. Participant Characteristics (Mean 6 SD)

Participants N Age, y Height, cm Mass, kg Tanner Stage Body Fat, % Surface Area, m2

Surface Area to

Mass Ratio, m2/kg

All 25 15 6 1 180 6 8 81.4 6 15.8 4 6 1 12 6 5 3.3 6 0.3 0.041 6 0.006

Youngera 13 14 6 1 180 6 7 74.8 6 12.4 4 6 1 10 6 5 3.2 6 0.3 0.044 6 0.005

Olderb 12 17 6 1c 181 6 8 88.5 6 16.5c 5 6 1c 13 6 6 3.3 6 0.3 0.038 6 0.006c

a Participants 14–15 years of age.
b Participants 16–17 years of age.
c Indicates different from younger participants (P , .05).
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Practices

Observations occurred over the initial 10 days of
preseason practice. Participants completed single practices
on days 1, 2, 3, 4, 5, 8, 9, and 10; participants practiced
twice daily on days 6 and 7. Data were not collected during
practices on days 8 and 9, as these sessions consisted of
light ‘‘walk-throughs’’ and minimal physically demanding
exercise. Practices averaged 2.8 6 0.5 hours and consisted
of football drills, contact hitting, conditioning, and
education. Practices generally began at 4:00 PM on days
with 1 practice and at 8:00 AM and 4:00 PM on days with 2
practices. Coaches gradually phased in equipment over the
first 3 days by starting with helmets only, adding shoulder
pads, and then adding thigh pads. Contact or hitting drills
did not begin until day 5. Practice occurred only once a day
for the first 5 days.

The wet bulb globe temperature (WBGT) (measured
with heat stress monitor, model RSS-214; IST Corpora-
tion, Horseheads, NY) averaged 23.16C, 25.56C, 22.46C,
22.86C, 18.66C, 21.56C, 21.26C, 15.36C, 15.26C, and
23.36C for practices occurring on days 1, 2, 3, 4, 5, 6
(morning), 6 (afternoon), 7 (morning), 7 (afternoon), and
10, respectively. Environmental conditions varied over the
course of the observational study, allowing days to be
grouped and compared. Maximum WBGT and dry bulb

temperature for days 1 through 4 and 10 averaged 25.0 6
1.06C and 28.5 6 1.76C, respectively, and were considered
warm. Maximum WBGT and dry bulb temperature for
days 5 through 7 averaged 19.2 6 3.56C and 21.1 6 2.86C,
respectively, and were considered cool.17 Warm and cool
days were different (t4.647 5 3.732, P 5 .015).

Protocol

Figure 1 displays a schematic of the 10-day protocol. We
collected observational data only, and measures were
obtained in a manner that minimized interference with
practice and team dynamics. Researchers did not manipulate
diet or hydration behaviors before, during, or after practices.
Before practice began each day (AM), participants were
weighed, provided a urine sample, completed a modified
Environmental Symptoms Questionnaire (ESQ),18 and rated
their perceived thirst and thermal sensations. On days 1, 4, 7,
and 10, participants also supplied a saliva sample.

Next, participants walked to the practice field
(,0.25 miles [0.4 km]), where body mass, TGI via a
telemetric temperature sensor, and perceptual sensations
were measured. During practice, measured variables
included WBGT, TGI (at approximately 30-minute incre-
ments), perceptual measures (at approximately 30-minute
increments), and ad libitum fluid consumption (continu-

Figure 1. Schematic of the 10-day preseason practice sessions protocol. D Indicates hydration status, sweat rate, fluid consumed,
gastrointestinal temperature, and perceptual measures. a Indicates sweat patches. b Indicates hormone responses. c Indicates full contact.
For days not noted as full contact, contact was minimal or limited.

Table 2. Weekly Environmental Temperature and Summer Conditioning Programa

Environmental Temperature Conditioning Program

Week Average Temperature (Range), 6C Exercise Frequency and Duration

June 26 26 (21–28)

Cardiovascularb 3 d/wk for 1.5 to 4.0 h

July 3 28 (26–31)

Sprints

July 10 29 (26–32)

Agility drills

July 17 31 (27–35)

Jogging

July 24 29 (25–32)

Position-specific drills

July 31 33 (28–36)

Obstacle course

August 7 28 (25–30)

Resistancec 5 to 8 exercises/d

August 14 27 (26–28)

Full-body weightlifting

Plyometrics

Football specificd 2 times/wk for 1.5 to 2.0 h

2-hand touch passing league or lineman camp

a Participants completed the program each week from June 26 to August 19, 2006. Environmental temperatures were obtained through the closest

weather station history via the Web site for the National Weather Service (http://www.nws.noaa.gov).
b Cardiovascular exercises were performed outdoors and increased in frequency, intensity, duration, and the number of exercises within each

category each week.
c Resistance exercises were performed indoors and increased in sets, repetitions, and weight each week.
d Sport-specific exercises were performed outdoors, and the activity days sometimes coincided with cardiovascular and resistance days.
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ously via personal bottles). Participants ingested water
during all practices except on days 6 and 7, when they
consumed carbohydrate-electrolyte beverages (The Gator-
ade Company, Chicago, IL) with 14 g of carbohydrates,
100 mg of sodium, and 30 mg of potassium per 8-ounce
serving. All fluids were provided by the coaches and were
determined by team funding. Study participants consumed
the same type of fluids as their nonparticipating teammates.

We measured body mass, TGI, and perceptual sensations
after participants completed practice but before they left
the field. Given the constraints of the field study and
practice schedule, every effort was given to weighing the
participants before and after practice while they were
wearing the same amount of clothing and equipment. After
returning to the locker room once practice ended each day
(PM), participants repeated prepractice measures.

After practice on day 10, participants self-reported Tanner
maturation stage. Physicians provided an explanation of the
stages and remained nearby to answer questions. Partici-
pants then completed an exit questionnaire about hydration.

Measures

Body Temperature. Investigators monitored TGI with a
Food and Drug Administration–approved temperature
transmitter (HTI Technologies, Inc, Palmetto, FL). Par-
ticipants ingested the sensor before breakfast on the
morning of day 1. Before each subsequent practice,
transmitter checks determined if the sensor remained in
the gastrointestinal tract. When necessary, an investigator
(S.W.Y.) immediately supplied the player with a new
sensor. If a participant ingested a transmitter immediately
before practice, final analysis included only physiologically
relevant values (37–416C). The manufacturer had calibrat-
ed all sensors to 60.16C, and, per manufacturer instruc-
tions, the investigator did not handle sensors before
dispensing them. Duplicate TGI measures were obtained
for most time points. Practice constraints, such as coaches
requiring a participant to suddenly participate in a football
drill, occasionally prevented duplicate measures.

Hydration Status. For each urine sample provided, we
determined urine color (Ucol) via a Ucol chart (range, 1–
8),19,20 urine specific gravity (Usg) via refractometer (model
A300CL; Spartan, Tokyo, Japan), and urine osmolality
(Uosm) via duplicate measures of freezing-point depression
(model 3DII; Advanced Instruments, Inc, Needham
Heights, MA). Urine osmolality was used to establish
and report hydration status. A Uosm value of ,700
mOsmol/kg indicated euhydration, a value between 700
and 900 mOsmol/kg indicated mild to moderate hypohy-
dration, and a value .900 mOsmol/kg indicated moderate
to severe hypohydration.17,21

Sweat and Fluid Variables. Sweat rate was calculated
using the equation: SR 5 ([prepractice body mass 2
postpractice body mass] + fluid consumed)/time.9 Body
mass measures were obtained from a calibrated scale
(model BWB-800A; Tanita Corporation, Tokyo, Japan)
with the player wearing minimal clothing; individual
players wore similar garments for all body mass measure-
ments. Fluid volume consumed (FC) was determined from
personal 1-L bottles. No participant urinated during
practice. Percentage of fluid replaced during a practice
was calculated as (FC/total sweat loss) 3 100.

On days 1, 5, and 10, investigators (M.S.G. and C.M.M.)
applied sterile sweat patches (PharmChem Laboratories,
Inc, Haltom City, TX) to the players immediately upon
their arrival at the practice field and before any warm-up
or activity occurred. Investigators cleaned the right
forearm with an alcohol preparation pad and distilled
water, allowed it to dry, and then applied sweat patches to
the posterior midforearm using transparent, water-resis-
tant, bio-occlusive dressings. When saturated, patches were
removed with tweezers and immediately placed in sterile
tubes. Later, they were centrifuged to obtain the sweat
samples, and the samples were analyzed via flame
photometry (model IL 943; Instrumentation Laboratory,
Lexington, MA) for sodium and potassium.

Salivary Testosterone and Cortisol. On days 1, 4, 7, and
10 participants provided AM saliva samples. Per the
manufacturer’s collection instructions, participants rinsed
their mouths with water, waited 10 minutes, and then
slowly drooled down a clean straw into the sample
container. Morning sampling occurred at the player’s
home upon awakening and before food consumption, fluid
ingestion, or tooth brushing. On the first day, an
investigator (S.W.Y.) provided specific written instructions
and called participants to encourage compliance. Samples
were frozen at 2806C until analysis for free testosterone
and cortisol via enzyme-linked immunosorbent assay
(Salimetrics, LLC, State College, PA). Samples were
thawed only once, and all samples from a given participant
were assayed in the same analytical run. Intra-assay
coefficients of variation for testosterone and cortisol were
4.9% and 4.3%, respectively. The testosterone to cortisol
ratio (T:C) indicated physiologic stress.22

Perceptual Measures. Selected items from an ESQ18

formed a modified and validated questionnaire23 that
evaluated signs and symptoms of heat illnesses (eg,
headache, dizziness). Participants self-reported thirst and
thermal sensations using 9-point24 and 17-point25 visual
scales, respectively. Before and after the study, participants
also completed questionnaires (multiple-choice, Likert, and
open-ended questions) evaluating their knowledge and
habits associated with hydration and exercising in the heat
(Table 3). Answers equal to or more than 7 on the 10-point
Likert scale were considered to be in agreement with the
statement provided. Scores equal to or less than 4 were
considered to be in disagreement.

Statistical Analyses

Descriptive data (mean 6 SD) were calculated for all
variables. Variables measured once daily (maximum TGI,
FC, SR, sweat electrolytes, and T:C) were analyzed with a
2 (younger participants, older participants) by X (days)
repeated-measures analysis of variance (ANOVA), where
X represented the number of days on which the variable
was assessed (eg, for sweat electrolytes, X 5 3; for T:C, X
5 4). Variables measured before and after each practice
(Uosm, ESQ) were analyzed with a 2 (younger participants,
older participants) by 2 (AM, PM) by 8 (days) repeated-
measures ANOVA. In all cases, a Greenhouse-Geisser
correction factor was used for main effects and interactions
that violated the assumption of sphericity, and significant
findings were further analyzed with post hoc Tukey tests.
Two-tailed paired-samples t tests with Bonferroni adjust-
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ments for multiple comparisons were used to determine if
differences existed between (1) minimal and maximal TGI

within each practice and (2) actual and estimated SR.
Differences between younger and older participants in fluid
replacement were assessed with a 2-tailed unpaired t test.
We used Pearson product moment bivariate correlations to
determine relationships between variables; Cohen26 de-
scribed the strength of these relationships. We also used x2

tests to analyze percentage differences in questionnaire
responses. The a level was set at .05. Unless otherwise
noted, all data are presented as mean 6 SD.

RESULTS

Body Temperature

Exercise during football practice increased TGI (mini-
mum 5 37.6 6 0.16C, maximum 5 38.7 6 0.36C; t9 5
212.721, P , .001). We found a main effect of time for
maximum TGI (F4.322,60.506 5 8.435, P , .001) (Figure 2).
No stable, consistent pattern existed across days; however,
TGI was lowest on days 6 and 7 and highest on days 1

through 3. We found no interaction between group and
day (F4.322,60.506 5 0.808, P 5 .533). Maximum TGI

remained less than 406C and was similar between younger
(38.8 6 0.66C) and older (38.7 6 0.56C) participants (F1,14

5 0.744, P 5 .403). Maximum TGI was correlated with
maximum WBGT (r 5 0.59, P 5 .009), SR (r 5 0.41, P 5
.044), FC (r 5 0.66, P 5 .004), and PM thirst sensation (r 5
0.59, P 5 .008).

Hydration Status

Table 4 displays hydration measures. Urine osmolality
indicated that participants were mildly hypohydrated each
day before and after practice. No differences existed in
Uosm within days (F1,11 5 2.578, P 5 .137) or across days
(F7,77 5 1.564, P 5 .159). Age was not a determinant of
Uosm (younger participants 5 901.1 6 234.3 mOsmol/kg,
older participants 5 820.9 6 328.0 mOsmol/kg; F1,11 5
0.359, P 5 .561). Urine osmolality was strongly correlated
with Usg (r 5 0.94, P , .001) and Ucol (r 5 0.55, P , .001)
but was unrelated to SR, FC, WBGT, or TGI.

The younger (1.3 6 0.7 L) and older (1.7 6 0.9 L)
participants consumed similar volumes of fluid per practice

Table 3. Selected Items and Responses From the Hydration Habits and Knowledge Questionnairea

Younger Athletes Older Athletes

1. How important do you feel that drinking fluids is while you play sports or exercise? 9.2 6 1.1 (7–10) 9.8 6 0.6 (8–10)

2. In a normal game or practice, how frequently do you drink? (.1 answer may have

been circled)

Whenever I want 0% 8%

Only during breaks 92% 42%

When not playing 31% 58%

When coach tells us 31% 25%

3. Name 2 ways that you would know you are dehydrated.

0 correct answers 15% 16%

1 correct answer 31% 33%

2 correct answers 54% 50%

4. Do you think that you did a good job drinking fluids during the practices? 7.8 6 1.6 (5–10) 7.3 6 1.5 (5–10)

5. Did the coaches encourage drinking fluids? 8.6 6 1.4 (5–10) 8.0 6 1.9 (5–10)

6. Did the coaches allow you enough time to drink at each break? 8.1 6 2.0 (4–10) 5.9 6 1.9 (2–8)

7. Were fluids readily available during practices? 9.7 6 0.6 (8–10) 8.1 6 1.9 (4–10)

8. Did it become easier to exercise in the heat since practices started?b

Yes 85% 83%

No 15% 18%

9. Do you feel that you became accustomed to the heat before practices started?c

Yes 73% 63%

No 27% 37%

10. Name 2 reasons why someone’s body temperature could rise to dangerous levels.

0 correct answers 8% 8%

1 correct answer 23% 42%

2 correct answers 69% 50%

11. On average, what amount do you think you sweat in a 2-hour practice? 0.4 6 0.1 L (0.1–0.9) 0.8 6 0.3 L (0.3–1.2)

12. How long (days) does it take to completely heat acclimatize?c,d

1 38% 8%

4 38% 92%

12 0% 0%

20 15% 0%

a For questions that allowed for multiple answers, percentage of responses was greater than 100%.
b Percentage of responses is rounded.
c Not every player responded.
d We calculated the percentage based on the participant pool.
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(F1,17 5 3.962, P 5 .063). They also consumed similar
amounts of fluid per kilogram of body mass (younger
participants 5 16.8 6 3.4 mL/kg, older participants 5 16.8
6 4.5 mL/kg). The FC ranged from 1.5 6 0.6 L to 2.1 6
0.8 L on warm days (days 1–4 and 10) and from 0.6 6 0.4 L
to 1.7 6 0.7 L on cool days (days 5–7). The FC was
correlated with sweat sodium (r 5 0.37, P 5 .001),
maximum WBGT (r 5 0.71, P 5 .002), and TGI (r 5
0.67, P 5 .004).

Sweat Variables

Sweat rate varied across days (F3.855,69.386 5 21.441, P ,
.001) (Figure 3A). No stable, consistent pattern existed for
SR across days; however, SR was lowest on days 5 through
7 and highest on days 1 through 4 and 10. The SR was
lower in the younger (0.6 6 0.4 L/h) than in the older (0.8
6 0.3 L/h) participants (F1,18 5 8.774, P 5 .008). Covariate
analyses of body mass and of surface area to mass ratio did
not reveal effects (P . .05). We found no interaction
between age and day for SR (F3.855,69.386 5 0.688, P 5
.598). The SR was strongly correlated with maximum
WBGT (r 5 0.61, P 5 .007). Total sweat loss in a practice
ranged from 1.5 6 0.7 L to 2.9 6 1.2 L on warm days and
from 1.0 6 0.5 L to 2.1 6 0.9 L on cool days. We found a
main effect of total sweat loss for age group (younger
participants 5 1.6 L, older participants 5 2.3 L; F1,18 5
10.407, P 5 .005) and for day (F4.820,86.762 5 21.508, P ,
.001) (Figure 3B). Given the similar FC values, despite
apparently different SR values, the percentage of fluid
replaced differed between age groups (younger participants
5 81%, older participants 5 68%; t9 5 26.322, P , .001)
(Figure 3C).

Sweat sodium was lower on day 5 than on days 1 and 10
(F1.411,23.987 5 19.721, P , .001). Sweat sodium (younger
participants 5 27.3 6 17.2 mEq/L, older participants 5
40.4 6 19.0 mEq/L; F1,17 5 4.308, P 5 .053) and sweat
potassium (younger participants 5 6.4 6 2.3 mEq/L, older
participants 5 5.1 6 1.7 mEq/L; F1,17 5 3.556, P 5 .077)
did not differ between age groups. Sweat sodium was
strongly correlated with maximum WBGT (r 5 0.98, P 5
.043) and showed a trend toward a relationship with SR (r
5 0.98, P 5 .077).

Testosterone to Cortisol Responses

Figure 4 displays T:C data. Differences existed across
days (F1.639,22.947 5 4.103, P 5 .037), as day 7 values were
lower than day 1 values. Younger participants (0.040 6
0.028) demonstrated lower, but statistically similar, T:C
values compared with older participants (0.080 6 0.070)
(F1,14 5 4.264, P 5 .058).

Table 4. Hydration Variables (Mean 6 SD)a

Time

Urine Osmolality,

mOsmol/kg

Urine Specific

Gravity

Urine Color

(Range, 1–8)

Day 1

AM 869 6 404 1.021 6 0.010 4 6 2

PM 834 6 265 1.025 6 0.006 6 6 1

Day 2

AM 958 6 205 1.025 6 0.008 6 6 2

PM 860 6 221 1.024 6 0.007 6 6 1

Day 3

AM 915 6 321 1.023 6 0.009 5 6 2

PM 820 6 262 1.024 6 0.008 6 6 1

Day 4

AM 888 6 299 1.020 6 0.008 5 6 2

PM 880 6 261 1.024 6 0.007 6 6 1

Day 5

AM 855 6 283 1.023 6 0.007 5 6 1

PM 775 6 319 1.023 6 0.009 5 6 1

Day 6

AM 784 6 160 1.023 6 0.005 4 6 1

PM 850 6 260 1.025 6 0.007 4 6 1

Day 7

AM 847 6 315 1.024 6 0.006 5 6 1

PM 886 6 253 1.025 6 0.007 5 6 1

Day 10

AM 933 6 289 1.024 6 0.006 5 6 1

PM 946 6 229 1.025 6 0.006 5 6 1

Abbreviations: AM, before practice began each day; PM, after returning to

the locker room once practice ended each day.
a No differences existed between data points.

Figure 2. Maximum gastrointestinal and wet bulb temperature responses across days. a Indicates more than day 7AM. b Indicates more
than day 6AM. c Indicates more than day 6PM. d Indicates more than day 7PM. All symbols, P , .05. Abbreviations: AM, before practice
began each day; PM, after returning to the locker room once practice ended each day.
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Figure 3. A, Sweat rate across days. a Indicates more than day 5. b Indicates more than day 7PM. c Indicates more than day 6AM and 6PM
d Indicates more than days 3 and 4. B, Total sweat loss across days. e Indicates more than days 5 and 7PM. f Indicates more than day 6AM.
g Indicates more than day 4. C, Fluid consumed across days. h Indicates more than days 5 and 6AM. i Indicates more than day 7PM.
j Indicates more than day 4. k Indicates more than day 6PM. All symbols, P , .05. Abbreviations: AM, before practice began each day; PM,
after returning to the locker room once practice ended each day.

Figure 4. Testosterone to cortisol ratio responses across days. a Indicates more than day 7 (P , .05).
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Perceptual Responses

Maximum thermal sensation was correlated with max-
imum WBGT (r 5 0.85, P , .001) and maximum TGI (r 5
0.71, P 5 .002). No association existed between PM thirst
sensation and PM Uosm (r 5 20.08, P 5 .483), but thirst
sensation was correlated with FC (r 5 0.59, P 5 .008) and
maximum WBGT (r 5 0.71, P 5 .002).

Football practices increased the modified ESQ scores
from AM (11 6 2) to PM (15 6 5) (F1,10 5 28.784, P , .001).
No stable, consistent statistical pattern existed for ESQ
across all days; however, AM ESQ on day 6 exceeded AM

ESQ on day 10, and PM ESQ scores were elevated on days 1
and 2 (F7,70 5 18.137, P , .001). Age affected AM and PM

ESQ scores (younger participants 5 13 6 6, older parti-
cipants 5 18 6 7; F1,10 5 8.088, P 5 .017).

Heat and Hydration Knowledge and Habits

Table 3 presents selected responses from the question-
naires. No differences existed between the younger and
older adolescents for any question (P . .05). Responses
not provided in Table 3 included the following: (1) most
participants (92%) understood the importance of drinking
before exercise, during exercise, and postexercise; (2) most
participants (96%) reported drinking only during struc-
tured breaks; (3) few participants (23%) described obstacles
to hydration (eg, insufficient time or fluid availability); (4)
most participants (84%) indicated that coaches provided a
good environment for hydration; and (5) all participants
(100%) (t24 5 10.738, P , .001) underestimated their sweat
losses.

Although only 64% of participants could list at least 1
exertional heat illness, all participants indicated that
appropriate hydration best prevented these conditions.
Fifty percent of participants understood the concept of
heat acclimatization; 85% incorrectly believed acclimatiza-
tion occurred in less than 4 days. Most participants (68%)
believed summer conditioning successfully acclimatized
them before preseason, providing great benefits.

DISCUSSION

The primary findings of our study indicate that heat-
acclimatized adolescent boys can safely (TGI , 406C)
complete the initial days of preseason football practice in
moderate (cool to warm) environmental conditions. As
expected, environmental conditions were strongly correlat-
ed with many thermoregulatory and fluid-related variables.
Despite self-perception of consistently good hydration
habits, participants replaced most sweat loss during
practice but remained mildly hypohydrated throughout
the preseason, indicating inadequate rehydration habits
outside of practice.

Body Temperature Responses

Throughout preseason, participants’ average maximum
TGI remained less than 406C, which is the typical threshold
core temperature that medical experts associate with
increased risk of exertional heat stroke.17 In preliminary
studies, investigators2,8 observing collegiate and high
school preseason football practices have reported similar
findings; however, we are the first to report this obser-
vation in adolescent boys. We attribute the core body

temperatures of the participants to (1) practice guidelines
using the gradual addition of exercise duration and football
equipment, (2) generally moderate environmental condi-
tions, and (3) participants’ previously developed heat
acclimatization. These logistical, environmental, and phys-
iologic factors combined to minimize heat gain and
maximize heat loss during practice, keeping participants
safe throughout practice.27–30 Although undocumented,
appropriate exercise intensity and exercise to rest ratios
likely also contributed to the participants’ safe core
temperatures. The greatest average TGI occurred on days
1 and 2, likely as a result of the challenging environmental
conditions (as supported by the strong correlation between
TGI and WBGT) and the intense exercise characteristic of
the first days of preseason football practice.

Consistent with the literature, maximum TGI did not
differ between age groups, as we hypothesized. Research-
ers31–34 have attributed these similarities between age
groups to heat acclimatization and efficient sweating
mechanisms. The participant characteristics in our study
supported this conclusion, as the first-string status of all
participants indicates that they completed similar exercise
bouts (ie, intensity and duration) and experienced similar
thermoregulatory demands. In previous studies, investiga-
tors have observed different age groups within laboratory
settings. To our knowledge, we are the first to compare age
groups in an organized sport setting. Our findings
indicated that even with the different stresses of a field
environment (eg, solar radiation, spontaneous changes in
exercise intensity), boys aged 14 to 17 years still thermo-
regulate efficiently.

Hydration Status

Similar to previous research in which collegiate football
players3,7 and adolescent athletes8,12,13,15 were examined,
urinary hydration measures indicated that individual
participants experienced mild to severe hypohydration
each day. Urine osmolality has been found35 to be a valid
and reliable measurement of hydration status. In studies of
youth football and soccer players (aged 9–18 years),
investigators13,15 (also R.M.L. et al, unpublished data,
2009) have indicated that most athletes initiate exercise in a
hypohydrated condition and maintain their pre-exercise
hydration state throughout exercise. As hypothesized, we
found similar results; hydration status did not change
within practice sessions, indicating that participants
hydrated during practice at least enough to avoid
exacerbating their prepractice hypohydration. It is surpris-
ing that the participants maintained status throughout
practice despite the distracting factor of natural competi-
tion. We attribute this unique finding of ‘‘successful’’
hydration (65%–80% of sweat loss replaced) to appropriate
practice rest intervals, fluid availability, and coaches’
external motivation and education. Of these, fluid avail-
ability might be paramount, as researchers15 examining
hydration of adolescent football players without individual
bottles or team coolers have shown that 56% of players
developed serious hypohydration.

As has been the case with other investigations,13,15 the
magnitude of hypohydration did not change across days.
Participants’ similar hypohydration states before and after
practice throughout preseason indicated inadequate be-
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tween-practices rehydration. Lack of adequate rehydration
between practices is relevant not only in a camp setting, as
investigated by previous researchers,13,15 but also in high
school sports settings in which players go home each night.
These findings, coupled with those of similar research,36,37

indicated that coaches and athletes must emphasize
drinking between exercise bouts, as well as during exercise,
especially considering that fluid intake after practice should
exceed sweat loss (by about 25%) to ensure complete
rehydration 4 to 6 hours after the exercise bout.35,38

Sweat Variables

The SR for this population matched previous da-
ta.12,36,39 However, we are the first to demonstrate that
the SRs in this population appeared to be primarily
influenced by environmental conditions, as demonstrated
by (1) the strong correlation between SR and maximum
WBGT and (2) the greater SR noted on days 1, 2, 3, 4, and
10 (the warmest days of preseason), compared with other
days. Although SR generally increases during preseason
football, participants’ complete heat acclimatization
during summer conditioning likely maximized SR before
preseason practices. Additionally, WBGT may have
stressed the participants differently each day of preseason.
Undocumented exercise intensity also likely played a role.
Because of the constraints of a field study, participants
were not weighed nude. Our SR results likely were
underestimated.

As we expected, SRs were lower in younger participants
than in older participants. Physical maturation increases
total body SR and the amount of sweat excreted per gland,
but these developments might not affect evaporative
cooling, as aging bears no influence on the percentage of
skin covered with sweat.40 Our results support this
conclusion, as the older participants’ greater SR did not
lower TGI compared with younger participants. Addition-
ally, older participants’ FC was similar to that of younger
participants, despite higher SRs (similar to previous
research13,36,41), indicating less effective fluid replacement
in older participants. Yet differences in SRs between age
groups may only be due to body mass and surface area to
mass ratio changes that accompany maturation. However,
when trying to isolate the effect of maturation, covariate
analyses of body mass and of surface area to mass ratio did
not demonstrate effects because of the small participant
numbers in the younger and older groups.

As was the case with SR, environmental conditions also
seemed to influence sweat sodium, as indicated by the
correlation between sweat sodium and maximum WBGT
and the differences in sweat sodium between warm (days 1
and 10) and cool (day 5) practices. This may be explained
by the trend toward a relationship between sweat sodium
and SR. As sweating increased, more sodium was collected
in the patch. Some researchers42,43 have suggested that
sweat sodium concentrations increase with maturation, but
they examined a greater age range (prepubescent to
adolescence or young adulthood); our results were unique
because they indicated that sweat sodium changes little
during the late phases of adolescence. The lack of
differences between older and younger participants’ sweat
potassium noted in our study may indicate a similar new
conclusion during late phases of adolescence. The differ-

ence in potassium from children to adults42 may occur at
an earlier stage.

Testosterone to Cortisol Responses

The T:C ratio estimates physiologic stress based on the
ratio of anabolic (testosterone) to catabolic (cortisol)
hormones, respectively; a low T:C ratio indicates increased
stress, whereas a high T:C ratio indicates recovery.22 We
proposed that comparing AM values across days would
quantify the stress experienced throughout preseason. We
attribute the lower AM T:C values on day 7 to the
cumulative stresses added throughout the week and to
the preceding day’s double practice session. The impor-
tance of environmental conditions, another potential
concern, must be viewed cautiously given (1) previous
research44,45 suggesting a lack of environmental effect on
T:C response to short-duration exercise and (2) the lack of
correlations between T:C and WBGT or T:C and TGI.
Although not a significant finding and not as we had
expected, younger participants demonstrated lower AM T:C
than did older participants, whose more advanced pubertal
development would lead to greater circulating testoster-
one.46 These are novel findings, as T:C values have not
been reported for adolescent football players.

Perceptual Responses

Similar to previous research examining adolescents47 and
collegiate3 football players, thermal sensation scores were
strongly correlated with maximum WBGT and TGI. Thirst
sensation was not correlated with hydration status, which
also corroborated the findings of previous research.13

Although competition and other distractions may hinder
the accuracy of thirst measures, participants’ mild hypo-
hydration best explains the lack of relationship, as body
mass loss usually needs to exceed 1% to 2% to stimulate
thirst.48

Heat and Hydration Knowledge and Habits

Questionnaires completed on day 1 indicated that
participants understood the importance of hydration in
terms of exercise performance. Supporting these qualitative
findings, participants generally avoided severe hypohydra-
tion and self-reported good hydration habits. Alternately,
researchers of unpublished work from our laboratory have
noted a poor correlation between hydration knowledge and
actual hydration status in adolescent and child football
players. We are unaware of any other research on this
topic. Participants felt coaches provided appropriate
breaks, accessibility to fluids, and encouragement to drink,
combating primary obstacles to good hydration.

All participants expressed reliance on the presence and
severity of symptoms (eg, thirst, headache, nausea) to
indicate hypohydration. Fifty-two percent of participants
also listed objective measures, including Ucol and SR.
Participants underestimated their sweat losses and overes-
timated their ability to rehydrate during practice, which
was a combination predisposing them to insufficient
drinking after practice and the chronic mild hypohydration
noted throughout the study. Participants also displayed a
lack of understanding about heat acclimatization and the
preventive measures for exertional heat stroke. In total,
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these original findings indicated that high school football
players possess little knowledge of hydration physiology
and exertional heat illnesses, other than a superficial
understanding that adequate hydration benefits exercise
performance.

CONCLUSIONS

Heat-acclimatized adolescent football players can safely
complete appropriately controlled preseason football
practices in moderate environmental conditions. Environ-
mental conditions strongly influenced many physiologic
variables and, together with exercise intensity (duration,
intensity, work to rest ratio, etc), likely represented the 2
most important characteristics guiding safe participation in
adolescent football. Participants adequately replaced their
sweat losses with fluid intake during practice with
encouragement from outside influences. However, partic-
ipants poorly rehydrated between exercise bouts, leading to
a chronic mild to moderate hypohydration. Participants’
misconceptions about their sweat losses and rehydration
techniques might partially explain this condition. The
findings from this study are novel, as the variables have
never been observed in this population in sport.

Several practical applications arose from the study.
Previous heat acclimatization occurring over the summer
and immediately before preseason and appropriate presea-
son practice guidelines (eg, limiting the number of practices
for the first 5 days, gradually increasing equipment worn,
ensuring suitable exercise to rest ratios) appear to promote
safe participation in adolescent football. Without disre-
garding other predisposing factors (primarily exercise
intensity), certified athletic trainers might focus on
environmental conditions when working with heat-accli-
matized athletes. As athletes tend to underestimate fluid
losses and overestimate their rehydration, coaches and
medical professionals must provide good hydration proto-
cols (hydration education; appropriate breaks; and, if
possible, individual drinking bottles) to minimize the
deleterious effects of hypohydration.
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