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Context: To our knowledge, no one has compared the
prepractice hydration status of male and female National
Collegiate Athletic Association (NCAA) Division I athletes or
has studied the effects of the menstrual cycle phase on
women’s prepractice hydration status.

Objective: To report prepractice hydration status of colle-
giate athletes and determine the factors that might influence that
status.

Design: Cross-sectional, descriptive study.
Setting: University sports team practices.
Patients or Other Participants: Participants included 138

male and 125 female athletes (age 5 19.9 6 1.3 years, height 5
165.8 6 42.9 cm, mass 5 77.4 6 17.5 kg) from an NCAA
Division I New England university.

Intervention(s): One spontaneously voided (spot) urine
sample was collected from each participant before his or her
team practice and was measured 2 times.

Main Outcome Measure(s): A refractometer was used to
analyze the amount of light that passed through a small drop of
urine and assess urine specific gravity. Fluid intake and
menstrual history for women were also collected. Three

hydration-status groups were defined based on the American
College of Sports Medicine and National Athletic Trainers’
Association criteria: (1) euhydrated, which was urine specific
gravity less than 1.020; (2) hypohydrated, from 1.020 to 1.029;
and (3) significantly hypohydrated, equal to or more than 1.030.

Results: Thirteen percent of student-athletes appeared
significantly hypohydrated, with a mean urine specific gravity
of 1.031 6 0.002 (x2 5 12.12, P , .05); 53% appeared
hypohydrated, with a mean urine specific gravity of 1.024 6
0.003 (x2 5 12.12, P , .05); and 34% appeared euhydrated,
with a mean urine specific gravity of 1.012 6 0.005 (x2 5 0.03, P
. .05). A greater percentage of men (47%) than women (28%)
were hypohydrated (x2 5 8.33, P , .05). In women, no
difference was evident between the luteal and follicular phases
of their menstrual cycles (x2 5 0.02, P . .05).

Conclusions: Before activity, athletes were hypohydrated at
different levels. A greater percentage of men than women were
hypohydrated. Menstrual cycle phase did not appear to affect
hydration in women.

Key Words: dehydration, sex, hypohydration, refractometer,
sports, urine specific gravity

Key Points

N National Collegiate Athletic Association Division I athletes need to be educated about proper hydration techniques to
prevent hypohydration and protect athletic performance or need to be encouraged to properly hydrate before practices.

N More men than women appeared to be hypohydrated before practice.
N Hydration status did not differ with different phases of the menstrual cycle, but confirmation of this finding is needed

through comparison of urine specific gravity or plasma osmolarity within the same athletes at different times in their
menstrual cycles.

D
ehydration is defined as a dynamic loss of body
water or the transition from euhydration to
hypohydration. Euhydration is defined as normal

body-water content, and hypohydration is a body-water
deficit.1 During exercise, hypohydration is associated with
an increase in core body temperature and cardiovascular
strain and a decrease in stroke volume and serum sodium
levels.2,3 These imbalances can increase the risk of heat
syncope, heat exhaustion, and, most seriously, heat stroke.1

Proper hydration and fluid replacement are essential for
enabling competitive athletes to perform optimally, have
uncompromised future exercise sessions, and maintain
overall health.

For athletes competing in team sports, appropriate
hydration is an important but often overlooked aspect of
proper training and competition.4 Burke and Hawley4

stated that hydration guidelines applied to team sports are

often prepared based on sports such as distance running.
Team sports require athletes to switch intermittently
between maximal-effort and low-intensity exercise, poten-
tially causing large losses of body water; therefore,
hydration in team sports needs to be studied.4 Nichols et
al5 examined the knowledge and behaviors of hydration
and fluid replacement in collegiate athletes and determined
that they were not properly educated about appropriate
hydration for practice and competition.

Despite ongoing efforts to educate athletes about the
harmful effects of dehydration, some athletes still com-
monly begin practice or competition (or both) in a
hypohydrated condition, increasing the risk of developing
severe dehydration.6 Hypohydration of 2% to 3% of body
mass can compromise exercise performance, heat dissipa-
tion, and cardiovascular function.7 Collegiate athletes are a
population at increased risk for hypohydration because of
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the frequency and intensity of their exercise bouts.8 In
addition, sex-related differences in hydration status might
exist.9 In women, threshold temperature for the onset of
thermoregulatory responses, such as sweating, is increased
during the luteal phase9,10; thus, hydration status should be
observed in the same phase of the menstrual cycle.

To date, little research has been reported on the
hydration status of National Collegiate Athletic Associa-
tion (NCAA) Division I athletes. Investigators have
induced dehydration in athletes or observed hydration
status during specific sport practices, but they have not
performed a cross-sectional assessment of prepractice
hydration status of collegiate athletes in general.11 To our
knowledge, a cross-sectional, descriptive study in which
prepractice hydration status is compared between male and
female NCAA Division I collegiate athletes does not exist.
Furthermore, a cross-sectional study of the effects of the
menstrual cycle phase on women’s prepractice hydration
status has not been conducted. Therefore, the purpose of
our study was to determine the prepractice hydration status
of NCAA Division I athletes from a variety of sport teams.
In addition, we wanted (1) to compare the prepractice
hydration status of male and female collegiate athletes and
(2) to examine differences in the prepractice hydration
status of female collegiate athletes in the follicular and
luteal phases of menstruation.5

METHODS

Participants

The athletes who participated in our study were from an
NCAA Division I university in New England. First, we
requested permission from the coaches of all the collegiate
sport teams to recruit student-athletes. Second, we invited
varsity student-athletes from teams either in-season or in
the conditioning period to participate. A total of 263
student-athletes (138 men, 125 women; age range, 18–23
years) were recruited from 14 different sports (4 men’s
sports, 10 women’s sports), representing approximately
65% of student-athletes from 23 sport teams (Tables 1 and
2). Of the participants, 29.2% were freshmen (n 5 77),
24.7% were sophomores (n 5 65), 24.0% were juniors (n 5
63); 13.7% were seniors (n 5 36); and 8.4% (n 5 22) did
not state their academic years. All student-athletes
provided written informed consent, and the study was
approved by the university’s institutional review board.

Procedures

Urine Specific Gravity. For each participant, 1 sponta-
neously voided (spot) urine sample was collected in a urine
specimen cup before team practice and was analyzed for
specific gravity using a handheld refractometer (model
A300CL; Spartan, Tokyo, Japan) within 1 hour of

specimen collection. The refractometer was calibrated
before each analysis using distilled water. Most of these
prepractice urine collections were conducted approximate-
ly 1 hour before practice; most practices began about 4:00
PM, but some practices began about 5:30 AM. A drop of
urine was placed onto the refractometer using a disposable,
mineral-free pipette, and 1 researcher (K.A.P.) read and
recorded the corresponding specific gravity. All measure-
ments were conducted in duplicate, and the average urine
specific gravity was used for the final assessment for each
athlete.

Urine collection was conducted over 9 months because
of the timing of appointments with coaches and teams and
because we wanted to ensure that we were not disrupting
practice time. Although the participants knew the purpose
of the study, they were not told the details of the study
before data collection, so it is unlikely they changed their
hydration practices before data collection. We were able to
recruit 14 sport teams because we explained that the data
would be used to inform the coaches and student-athletes
of the student-athletes’ hydration status and to teach them
how to properly hydrate for improved sport performance.

Three hydration-status groups were defined based on
urine specific gravity, which has been found to be valid and
reliable.12,13 Euhydrated was defined as urine specific
gravity less than 1.020; hypohydrated, from 1.020 to
1.029; and significantly hypohydrated, equal to or more
than 1.030. These hydration-status groups were based on
those most recently established by the American College of
Sports Medicine12 and the National Athletic Trainers’
Association.13

Urine specific gravity was used as the mode of evaluation
because it is a simple, validated measure to use in the field.
Drawing blood from all participants would not have been
feasible because of the number of athletes and expense of
analyzing for plasma osmolarity.7

Although Popowski et al14 stated, ‘‘urinary measure-
ments (urine specific gravity and urine osmolarity) are
sensitive to changes in hydration status during acute
dehydration …,’’ our study was cross-sectional, and urine
was not collected as the first morning void. Many
investigators believe that the first morning void is more
representative of hydration status; however, the validity of
the first morning void has been debated.15 Our study was
conducted to provide a general indication of hydration

Table 1. Participant Demographics

All (N 5 263) Men (n 5 138) Women (n 5 125)

Age, y 19.9 6 1.3 20.1 6 1.2 19.7 6 1.4

Height, cm 165.8 6 42.9 169.2 6 42.8 161.7 6 33.8

Mass, kg 77.4 6 17.5 90.3 6 14.6 63.8 6 7.1

Body mass index,

kg/m2 24.7 6 3.4 26.8 6 3.4 22.5 6 1.9

Table 2. Collegiate Team Sports Represented in the Sample

Sport n

Men (n 5 138) Baseball 29

Football 66

Lacrosse 36

Tennis 7

Women (n 5 125) Varsity crew 11

Novice crew 23

Gymnastics 9

Field hockey 16

Lacrosse 23

Soccer 10

Swimming 9

Tennis 5

Water polo 10

Volleyball 9
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status of collegiate athletes before practice and to lead to
future research in this population. Nonetheless, the
advantages of urine specific gravity are that it is easy to
use in the field, rapid, and inexpensive. In addition,
Stuempfle and Drury16 stated, ‘‘Only the refractometer
should be used to determine urine specific gravity in
collegiate wrestlers during the weight-certification pro-
cess.’’ Furthermore, with respect to a sport such as
wrestling, urine specific gravity is not always assessed
using the morning void.

However, a disadvantage of our mode of collection is
that urine specific gravity does not assess acute dehydra-
tion as well as plasma osmolarity does. A disadvantage of
not collecting the first morning void is that a first morning
urine sample is considered a more accurate indicator of
hydration status because food and beverage consumption
and sweat and urinary losses throughout the day and
during exercise can affect true hydration status.17

Fluid Intake. We developed a fluid consumption
questionnaire and administered it to the student-athletes
(Table 3). Questions included items relating to the intake
of caffeine and alcohol.8 The student-athletes were given
specific instructions about how to properly complete the
questionnaire. In addition, we provided an example of
8 fl oz (240 mL) because we instructed them to provide the
amount of fluids consumed in fluid ounces. They also were
instructed to answer as honestly as possible and to ask for
clarification of any question, if needed. The same
researcher (K.A.P.) administered the questionnaire and
was present while the student-athletes completed it;
however, interactions between the researcher and student-

athletes were limited. Thus, it should be assumed that the
student-athletes answered all questions honestly because
the researcher did not influence them. The researcher also
checked for completeness of the questionnaire after each
student-athlete completed it.

Menstrual History. On the questionnaire, each female
student-athlete was instructed to report the date of onset of
her last menstrual period, so we could determine whether
she was in the follicular or luteal phase of her menstrual
cycle (Table 3).

Body Mass and Height. All participants self-reported
body mass and height. We calculated body mass index (kg/
m2) from these measures. Although we are aware of the
potential inaccuracies of self-reported body mass and
height, our goal was to assess hydration status. Further-
more, the time allotted for data collection (ie, prepractice)
was limited to completion of the questionnaire and urine
collection.

Statistical Analyses

Statistical analyses were conducted using SPSS (version
9.0 for Windows; SPSS Inc, Chicago, IL) and Minitab
(Release 13; Minitab Inc, State College, PA). A x2 analysis
was used (1) to determine the prevalence of hypohydration
in collegiate athletes, (2) to compare the prepractice
hydration status of male and female collegiate athletes,
and (3) to examine differences in the prepractice hydration
status of female collegiate athletes in the follicular and
luteal phases of menstruation. We used 2-tailed, indepen-
dent-samples t tests to compare differences between time of

Table 3. Fluid Intake Questionnaire

1. Please write in the average daily amount of all the beverages you consume. Leave blank the beverages that you do not consume each day.

Water ______ fl oz/day Seltzer water ______ fl oz/day

Soda–regular ______ fl oz/day Soda—diet ______ fl oz/day

Milk (circle type: skim, 1%, 2%, whole) ______ fl oz/day

100% fruit juice ______ fl oz/day

Fruit drink _____ fl oz/day (note: a fruit drink is NOT 100% fruit juice)

Sports drinks (eg, Powerade,a Gatoradeb) ______ fl oz/day

Nutrition drinks (eg, Ensure,c Boostd) ______fl oz/day

Coffee ______ fl oz/day Decaffeinated coffee ______ fl oz/day

Gourmet coffee (eg, cappuccino, espresso) ______ fl oz/day Tea ______ fl oz/day

Beer (regular or light) ______ fl oz/day Wine ______ fl oz/day

Pure alcohol (eg, gin, vodka, mixed drinks) ______ fl oz/day

2. Approximately, how many ounces per day of fluid OVERALL do you drink on a daily basis?

3. What and how much do you drink?

1 hour before practice

During practice

1 hour after practice

4. On average, what best represents the color of your urine? (circle 1)

Dark yellow (gold) Medium yellow Yellow Pale yellow

5. On average, how many times per day do you urinate? (circle 1)

0 to 2 3 to 4 7 to 8 5 to 6 9 to 10 11 to 12 13 or more

6. Females only: record the date of onset of your last menstrual period.

7. Do you take a vitamin or mineral supplement? Please list any that you take.

8. Do you take any nutrition supplements, such as creatine or protein powders? Please list any that you take.

9. Please add anything about your dietary habits, fluid ingestion habits, supplement habits, training habits, etc, that may add information regarding

your hydration status. Remember, all data will remain strictly confidential, except your hydration status, which will be given to your coaches.

a The Coca-Cola Company, Atlanta, GA.
b The Gatorade Company, Chicago, IL.
c Abbott Nutrition, Columbus, OH.
d Nestlé Nutrition, Highland Park, MI.
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day that urine samples were collected and class level of the
student-athletes (ie, freshman, sophomore, junior, senior).
Descriptive statistics were calculated for demographic
purposes. The a level was set a priori at .05.

RESULTS

Overall, 66% (n 5 174) of the collegiate athletes tested
manifested a urine specific gravity that was equal to or
more than 1.020, indicating the probability of prepractice
hypohydration (Figure). Chi-square analysis indicated that
13% (n 5 34) of student-athletes appeared significantly
hypohydrated (mean urine specific gravity 5 1.031 6
0.002; x2 5 12.12, P , .05), 53% (n 5 140) appeared
hypohydrated (mean urine specific gravity 5 1.024 6
0.003; x2 5 12.12, P , .05), and 34% (n 5 89) appeared
euhydrated (mean urine specific gravity 5 1.012 6 0.005;
x2 5 0.03, P . .05). A greater percentage of men (47%)
were hypohydrated than women (28%) (x2 5 8.33, P ,
.05). In women, no difference was evident between the
luteal and follicular phases of their menstrual cycles (x2 5
0.02, P . .05).

We found no difference between the hydration status of
athletes whose urine samples were collected in the morning
(at approximately 5:30 AM) and that of athletes whose urine
samples were collected in the afternoon (at about 4:00 PM)
(P . .05). We also found no difference in hydration status
between juniors and seniors versus freshmen and sopho-
mores (1.02 6 0.01 for each class level; P . .05). However,
comparisons can be drawn between male-reported and
female-reported fluid intake. Female athletes reported
drinking an average of 53 fl oz (1590 mL) of water,
whereas male athletes reported drinking 51 fl oz
(1530 mL) of water. However, for overall fluid consump-
tion, male athletes reported on average drinking more

fluids than female athletes (men 5 127 fl oz [3810 mL],
women 5 102 fl oz [3060 mL]). Fourteen student-athletes
(5.3%; 10 men, 4 women) either did not complete the fluid
consumption questionnaire or reported not drinking
anything on an average day (ie, did not properly complete
the questionnaire). Despite this, their urine specific gravity
data were used.

DISCUSSION

The primary purpose of our cross-sectional, descriptive
study was to estimate the prepractice hydration status of
male and female NCAA Division I athletes by using urine
specific gravity. Our secondary aims were (1) to compare
the prepractice hydration status of male and female
collegiate athletes and (2) to examine differences in the
prepractice hydration status of female collegiate athletes in
the follicular and luteal phases of menstruation.

Prepractice Hydration Status

Collegiate Athletes. We found that 66% of collegiate
athletes appeared hypohydrated, suggesting that they
either need to be educated about proper hydration
techniques to prevent hypohydration and protect athletic
performance or need to be encouraged to execute a proper
hydration schedule before practices. Athletes may have
been hypohydrated before practices because of their
individual hydration habits and not necessarily because
of their lack of knowledge or education. For instance,
athletes with early morning practices may not wake up
early enough to properly hydrate themselves.

Although we were unable to determine if consumption of
caffeinated beverages was associated with prepractice
hydration status, Grandjean et al18 reported no differences
in hydration status in healthy men who consumed a
combination of beverages (eg, noncaffeinated, caffeinated)
on 4 separate occasions. Thus, hydration strategies should
focus more on the sport than on the sex or menstrual stage
of the participant.

Male and Female Collegiate Athletes. Education about
proper hydration cannot be identified as a definitive reason
for a smaller percentage of women than men being
hypohydrated; however, a relationship may exist. Al-
though we did not examine hydration education in this
study, we have identified a potential relationship between
hydration status and hydration education based on the
results of this study and previous studies.

A greater percentage of women than men could have
been better hydrated for several reasons. Lopez et al19

explained that women have a higher thermoregulatory
threshold than men and, therefore, do not begin sweating
until their core temperatures are higher. Thus, hypohydra-
tion may not be as prevalent in women as in men. Using a
handheld refractometer, Stover et al15 assessed the urine
specific gravity of recreational exercisers before exercise.
They examined 329 women and men from 2 fitness centers:
1 in Los Angeles, California, and 1 in Chicago, Illinois.
Similar to our results, they reported that 46% of the
recreational athletes were hypohydrated and that men had
a greater mean urine specific gravity (1.020 6 0.007)
compared with women (1.017 6 0.008) (P 5 .001). Other
researchers have reported similar results for males and
females combined, as well as between males and fe-

Figure. Prepractice hydration status of collegiate athletes. Euhy-
drated indicates a urine specific gravity of less than 1.020;
hypohydrated, from 1.020 to 1.029; and significantly hypohydrated,
more than or equal to 1.030.
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males.19,20 Francesconi et al20 studied US Army trainees
and found that 18.7% had a urine specific gravity equal to
or more than 1.030, which was used as an initial criterion
of hypohydration. Armstrong et al2 found sex differences
in the hydration status of tennis players who competed on
3 consecutive days; female athletes had lower urine specific
gravity than male athletes on the first and third days of
competition. This difference could have been a result of
sex, individual knowledge about hydration, or the current
phase of menstruation.2,5,21

Follicular and Luteal Phases of Menstruation. The
threshold temperature for sweating has been shown to
increase in the luteal phase of the menstrual cycle9,18;
however, Haddad et al22 did not report differences in total
body water between the midfollicular and midluteal phases
of the menstrual cycle. We did not find differences in
hydration status with different phases of the menstrual
cycle; however, to confirm these findings, urine specific
gravity or plasma osmolarity needs to be compared within
the same athletes at different times in their menstrual
cycles. Having each participant record the date of onset of
her last menstrual cycle could have been a reason for not
finding differences in hydration status with different phases
of the menstrual cycle. The request was not valid for
participants who were amenorrheic and ovulating or those
who took oral contraceptives and were not ovulating. This
limitation affected the conclusions we drew from the data.

Application of Results

Although humans drink to quench physiologic thirst
based on plasma osmolality, a water debt typically remains
(‘‘voluntary dehydration’’), especially in those who are
physically active on a regular basis. Hypohydration has
been shown to impair endurance performance; increase
core body temperature; and increase cardiovascular strain
associated with body-water loss, such as hypovolemia,
tachycardia, decreased venous return, and decreased stroke
volume.6

All athletes could benefit from learning to recognize the
signs of hypohydration. Several methods for testing
hydration status include urine specific gravity, urine
conductivity, serum osmolarity specific gravity, urine
color, and assessment of pre-exercise and postexercise
body mass.2,23 However, urine color is perhaps the easiest
method for athletes to assess their hydration status, and the
simplest, most reliable method of self-evaluation of urine
color is a urine color chart,2,13,24 which can be easily placed
in locker rooms used by recreational and competitive
athletes. This chart is a subjective measurement of
hydration status that is quick and easy to teach and use.
The first morning void provides the most accurate urine
color assessment of true hydration status.

When examining the hydration status of collegiate
athletes, education regarding proper hydration must take
into consideration the variety of sports that are played. We
did not compare the percentages of student-athletes who
were hypohydrated across various sports; however, differ-
ent sports require various levels of exertion and different
types of uniforms and equipment. In addition, sports are
played in different seasons, at different locations, and at
different times of day. All of these factors can cause
athletes playing certain sports to be more prone to

hypohydration. Burke and Hawley4 examined proper
hydration for team sports, noting the differences between
team sports and individual sports. Most often in team
sports, athletes perform at or near maximal effort for
periods, which are interspersed with lower-intensity work
or rest. This pattern has been associated with large losses of
body water4 and large interindividual variation among
athletes.25 Especially high levels of probable dehydration
occur in team sports, such as football and men’s lacrosse,
that are typically played in warmer weather, with much
padding, and requiring intermittent exertion levels. The
rest periods in team sports are perfect opportunities for
rehydration.

Combining basic education about proper hydration and
the risks of dehydration, instruction about how to perform
self-assessment of hydration status, and targeted training in
sport-specific hydration needs and practices could increase
collegiate athletes’ knowledge about proper fluid needs and
potentially generate better hydration practices and lower
levels of dehydration. Proper hydration could improve
athletic performance.

Limitations

We realize the limitation of assessing urine specific
gravity via a spot urine sample. The first morning void or
the void after a 12-hour fast has been well established as
the recommended time to assess urine specific gravity.21,26

We chose to assess spot urine samples before practice for
several reasons: (1) It was more convenient for the coaches
and athletes, (2) It provided the coaches and athletes with a
general idea of prepractice hydration status, and (3) It
offered some basis for comparisons for practitioners who
may only have the opportunity to assess spot urine samples
before team practices. The ultimate goal of our study was
to provide descriptive data for collegiate athletes to be used
as a catalyst for further research. In addition, our study
resulted in these athletes and their coaches being more
aware of their hydration status and viewing their urine
color daily. We recommend that researchers study colle-
giate athletes using the first morning urine sample to more
accurately evaluate hydration status.

CONCLUSIONS

Most NCAA Division I athletes whom we assessed via
spot urine samples appeared hypohydrated. Such athletes
would benefit from either more education about proper
hydration practices or encouragement to create and use
hydration schedules. This will help protect both their
health and their athletic performance.
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